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ADVANCED  TRANS<^ORMER  DEMONSTRATION  AND  VALIDATION 
SUMMARY  REPORT  BASED  ON  EXPERIENCES 
AT  NAVAL  AIR  STATION.  NORTH  ISLAND 
SAN  DIEGO.  CALIFORNIA 

1.  INTRODUCTION 

The  Idaho  National  Engineering  Laboratory  (INEL)  and  the  Naval  Civil 
Engineering  Laboratory  (NCEL)  are  cooperatively  participating  in  an  advanced 
transformer  demonstration  and  validation  program.  This  task  is  part  of  a 
polychlorinated  biphenyl  (PCB)  Mitigation  and  Risk  Management  Assessment 
Program  being  performed  at  the  Naval  Air  Station,  North  Island  (NASNI)  in  San 
Diego,  California.  This  report  details  the  specific  lessons  learned  during 
the  NASNI  installations  to  date  and  addresses  the  advantages  and  disadvantages 
of  these  transformers  for  Navy  use. 

As  a  part  of  this  program,  eight  efficient,  low-loss  cast  coil  (CC)  dry- 
type  transformers,  one  vacuum  pressure  impregnated  (VPI)  transformer,  and  one 
low-loss  amorphous  core  transformer  were  installed  at  the  NASNI  to  replace 
existing  PCB-filled  transformers.  The  specific  advantages  and  disadvantages 
of  each  type  of  transformer  are  discussed  in  the  following  sections. 
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2.  BASE  HISTORY 


The  electrical  distribution  system  currently  in  operation  at  the  NASNI 
contains  several  hundred  devices,  several  of  which  are  filled  with  PCB- 
filled/contaminated  insulating  fluid.  The  continued  use  of  RGBs  as  a 
electrical  device  insulating  liquid  was  outlawed  in  late  1977,  and  the  NASNI 
is  faced  with  retrofilling  or  retrofitting  the  remaining  PCB  devices 
(transformers,  capacitors,  oil  switches,  and  oil-filled  circuit  breakers). 

The  PCB  transformers  are  installed  in  locations  including  pole  mounts, 
vaults,  and  various  power  distribution  system  locations;  many  transformers  are 
located  near  the  ocean.  Transformers  near  the  ocean  are  sensitive 
installations  because  of  the  hazardous  location  and  the  extreme  environmental 
risks  associated  with  either  transformer  fires  or  leaks  involving  a  PCB 
liquid-filled  device  near  or  over  the  ocean.  Most  of  the  NASNI  boundaries  are 
surrounded  by  water.  The  salt  laden  air  is  very  corrosive  to  electrical 
devices.  These  criteria  were  seriously  considered  during  the  replacement 
process  and  new  transformers  were  installed  that  greatly  reduced  or  eliminated 
the  safety  and  environmental  concerns  associated  with  the  older  PCB-filled 
units. 


The  INEL  supervised  the  replacement  and  load  consolidation  of  13  PCB 
transformers  with  10  new  advanced  technology  transformers  during  this  portion 
of  the  Mitigation  and  Risk  Management  Program.  The  locations  and  sizes  of 
these  units  are  identified  in  Table  1. 
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Table  1. 

Locations  and  sizes  of  transformers  installed  during  the  NASNI 
Advanced  Transformer  Demonstration  and  Validation  Project 

Buildinq 

Units  Removed® 

Units  Installed^’ 

Comments 

94 

1-500  kVA  PCB 

1-750  kVA  CC 

2  for  3  replacement 

2-112.5  kVA  PCB 

1-300  kVA  CC 

oil  switches  removed 

342 

1-112.5  kVA  PCB 

1-112.5  kVA  CC 

1  for  1  replacement 

378 

1-1000  kVA  PCB 

1-750/1000  kVA  CC 

3  for  3  replacement 

2-500  kVA  PCB 

2-500  kVA  CC 

379 

3-167  kVA  PCB 

1-300  kVA  VPI 

1  3^  for  3  1^  replacement 

472 

1-1500  kVA  PCB 

1-1500  kVA  CC 

1  for  1  replacement 

473 

1-112.5  kVA  PCB 

1-112.5  kVA  AC 

1  for  1  replacement 

489 

1-1500  kVA  PCB 

1-1500  kVA  CC 

1  for  1  replacement 

a.  PCB  = 

existing  PCB-filled  unit. 

b.  CC  =  cast  coil 

AC  =  arr.  -phous  core 

VPI  =  vacuum  pressure  impregnated. 
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3.  PROJECT  SUPPORT  AND  ADMINISTRATION 


The  following  sections  detail  several  project  support  tasks  and 
administrative  elements  that  were  completed  during  this  project. 

3.1  Specifications 

Two  transformer  specifications  (EG&G  ES-51333  Rev.  B  and  ES-51334 
Rev.  B)  were  written  by  the  INEL.  Specification  ES-51333  details  the 
construction  and  installation  requirements  for  liquid-filled  transformers,  and 
Specification  ES-51334  details  the  construction  and  installation  requirements 
for  cast  coil  and  VPl  transformer:  Data  sheets  and  design  details  fot  each 
transformer  installation  were  included  in  both  specifications.  This  enabled 
the  INEL  engineering  team  to  make  device  selections  that  met  the  particular 
facility  needs  and  optimized  the  research  element  around  which  this  project 
was  centered.  The  specifications  required  the  manufacturer  to  perform  some 
nontypical  factory  testing  on  the  new  transformers,  field  testing  on  the  old 
transformers  being  removed,  and  field  testing  on  the  new  transformers  b.ing 
installed  to  support  the  ongoing  advanced  transformer  evaluation  work.  The 
specifications  are  included  in  Appendix  A  of  this  report. 

Appendix  B  contains  the  final  acceptance  testing  reports  of  the  ABB 
Service  Company  112.5  kVA  amorphous  core  transformer,  the  National  Industri 
cast  coil  transformers,  the  Square-D  300  kVA  VPI  transformer,  and  transformer 
schematic  drawings. 


3.2  Subcontracts 

Three  subcontracts  were  awarded  during  this  project.  Subcontract  No. 
C90-132540  was  awarded  to  Square  D  Company  for  manufacturer  and  installation 
of  one  300  kVA  VPI  transformer.  Subcontract  No.  C90-132708  was  awarded  to  ABB 
Service  Company  for  manufacturer  and  installation  of  the  nine  remaining 
transformers.  Subcontract  No.  C90-132830  was  awarded  to  Rollins  Chempak  for 
destruction  of  the  PCB  fluid  and  transformer  carcasses.  All  certificates  of 
destruction  of  the  PCB  fluid  and  carcasses  were  issued  to  the  San  Diego  Public 
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Works  Center  (PWC).  Appendix  C  contains  operating  and  maintenance  manuals  and 
product  information  for  the  transformers  and  their  supporting  instrumentation. 

3.3  Field  Office 

An  INEL  field  office  was  established  as  part  of  the  PCB  Mitigation  and 
Risk  Management  Program  before  the  transformer  installations.  This  office 
served  as  a  common  point  for  the  manufacturers  and  their  subcontractors  to 
coordinate  activities  with  both  the  Navy  PWC  and  the  INEL  and  supported 
coordination  with  other  NCEL  tasks  being  performed  concurrently  at  the  NASNI. 

3.4  Qcal itv  Assurance 

Quality  assurance  is  a  requirement  during  both  the  manufacturing  process 
and  installation.  The  possible  consequences  of  failures  caused  by  poor 
quality  assurance  can  easily  exceed  the  cost  of  a  consistent  quality  assurance 
program.  The  INEL  performed  a  comprehensive  field  quality  assurance 
engineering  program  during  the  course  of  this  project.  The  program  included 
supervision  during  factory  testing,  field  testing,  and  installation  of  the  new 
transformers.  This  program  verified  that  these  objectives  and  specifications 
of  the  retrofit  program  were  adequately  met. 

3 . 5  Timing  and  Coordination 

The  INEL  and  NCEL  were  responsible  for  project  and  outage  coordination 
and  planning.  INEL  and  NCEL  coordination  for  this  project  was  minimized 
because  the  contractors  delivered  a  turn-key  product.  Thus,  the  riggers, 
hazardous  waste  handlers,  and  installers  were  coordinated  by  the  prime 
contractors  (manufacturers).  The  Navy  PWC  and  INEL  interfaced  with  the 
manufacturers  to  coordinate  the  outages  and  installations. 

A  majority  or  this  project  was  conducted  during  the  Persian  Gulf  Crisis. 
This  contributed  significantly  to  the  amount  of  planning  required  to  complete 
the  changeouts  without  impacting  Base  operations.  The  INEL  resident  engineers 
negotiated  facility  power  outages  with  the  Navy  PWC  and  the  manufacturers  to 
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minimize  the  impact  to  the  Base.  The  INEL  resident  engineers  also  arranged 
base  access  and  clearance  for  the  manufacturers  and  their  subcontractors. 

3.6  Documentation 

These  installations  removed  and  replaced  PCB-filled  devices  with  new 
high  efficiency,  new  technology  transformers.  The  PWC  has  been  notified,  and 
it  is  recommended  that  both  the  records  of  the  PWC  and  the  fire  department 
should  be  updated  to  reflect  the  removal  of  PCBs  from  these  locations. 

3.7  Security 

Security  is  a  major  concern  on  the  Navy  Base.  Compliance  with  security 
measures  is  mandatory  and  requires  a  substantial  amount  of  time.  Security  on 
Base  was  increased  substantially  during  the  Persian  Gulf  Crisis.  Proper 
procedures  were  followed  to  arrange  for  access  and  clearances  for  those 
personnel  performing  the  installations.  Advance  arrangements  reduced  delays 
and  made  it  easier  for  contractors  to  obtain  access  to  the  installation  sites 
on  Base. 

Some  facilities  have  minimum  levels  of  security  while  others  are  tightly 
controlled.  During  this  project,  all  operations  went  smoothly  because  of  the 
preplanning  and  communication  with  security  personnel  and  the  coordination 
with  the  Naval  Air  Rework  Facilities  and  PWC  personnel. 
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4.  HARDWARE  INSTALLATION 


4.1  Building  94 

The  Building  94  installation  consisted  of  removing  three  existing  PCB- 
filled  transformers  (as  identified  in  Table  1)  and  replacing  them  with  two  new 
cast  coil  transformers.  The  three  existing  units  were  removed  from 
Building  94;  they  were  located  on  an  overhead  mezzanine  (Pad  2)  approximately 
35  ft  above  finished  floor.  This  installation  was  performed  beginning  at  1630 
hours  on  September  26,  1990,  and  concluded  at  1630  hours  on 
September  28,  1990. 

Before  the  outage,  the  new  750/1000  kVA  cast  coil  dual  rated  outdoor 
unit  substation  transformer  with  a  new  15  kV  primary  fused  switch  was  set  in 
place  on  a  new  concrete  pad  outside  of  Building  94.  The  contractor  performed 
as  much  electrical  work  before  the  outage  as  the  job  would  allow.  This 
minimized  the  outage  requirements  for  the  installation. 

The  750/1000  kVA  transformer  has  a  2400  V/12000  V  reconnectable  primary 
winding  constructed  using  five  sections.  The  five  sections  are  connected  in 
series  for  the  12000  V  configuration  and  in  parallel  for  the  2400  V 
configuration.  Vertical  busses  mounted  external  to  the  coils  are  used  to  make 
the  series/parallel  connections.  High  voltage  taps  are  provided  on  the 
primary  12000  V  configuration  only.  The  unit  was  installed  in  the  2400  V 
configuration  by  extending  the  existing  2400  V  feeder  from  the  mezzanine  to 
the  new  outside  location.  The  existing  2400  V  distribution  systems  are 
currently  being  upgraded  to  12  kV  by  the  Navy.  The  dual  voltage  transformers 
make  the  transition  from  2400  to  12000  V  in  the  facilities  more  cost 
effective.  New  secondary  switchgear  was  also  installed  on  this  unit 
substation  to  feed  the  existing  loads  and  the  new  300  kVA  transformer.  The 
300  kVA  transformer  is  fed  by  the  480  V  output  of  the  750/1000  kVA 
transformer.  The  secondary  voltage  of  the  300  kVA  unit  is  208/120  V  and  will 
be  used  to  feed  one  existing  208  V  panel  and  one  existing  240  V  panel.  The 
INEL  addressed  the  option  of  providing  only  208  V  to  the  240  V  panel  with  the 
San  Diego  PWC.  The  PWC  stated  that  all  existing  240  V  loads  would  operate 
acceptably  at  the  reduced  voltage. 
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This  instanation  presented  the  contractor  with  several  unique 
difficulties.  Most  importantly,  the  existing  PCB-filled  transformers  were 
located  approximately  35  ft  over  an  aircraft  rework  facility.  Extreme  care 
had  to  be  taken  to  protect  the  adjacent  aircraft  and  shop  equipment  from  any 
physical  or  environmental  damage  while  removing  the  hazardous  waste  (liquid 
and  solid)  and  installing  the  new  electrical  equipment.  In  addition,  with  the 
conflict  in  the  Persian  Gulf,  the  operations  of  this  aircraft  rework  facility 
were  intensified.  This  placed  added  pressure  on  the  construction  crew  to 
minimize  outage  and  installation  time.  Extensive  planning  was  needed  to  avoid 
problems  and  outage  extensions  that  would  have  caused  significant  impact  to 
the  facilities  operations. 

In  spite  of  several  interim  problems  that  were  encountered  during  this 
installation,  ABB  Service  Company  was  able  to  react  quickly  to  the  directions 
of  the  Navy  and  the  INEL  field  engineer  to  successfully  complete  the  task. 

4.2  Building  342 

The  Building  342  installation  consisted  of  removing  an  existing 
112.5  kVA  PCB  transformer  and  replacing  it  with  a  new  112.5  kVA  cast  coil  unit 
substation  transformer  with  a  dual  voltage  primary  winding  (2400  and 
12,000  V).  The  existing  oil  fused  cutouts  were  also  removed  and  replaced  with 
a  new  15  kV  fused  switch.  This  installation  was  performed  beginning  at  0600 
hours  on  December  15,  1991,  and  concluded  at  0600  hours  on  December  16,  1991. 

The  new  transformer  was  initially  installed  in  the  2400  V  configuration. 
The  dimensions  of  the  new  transformer  required  that  the  concrete  pad  be 
extended  and  the  safety  fence  be  modified.  The  concrete  and  fence  work  was 
performed  after  the  new  transformer  was  energized.  No  other  problems  were 
encountered  during  this  installation. 

4 . 3  Building  378 

The  Building  378  installation  consisted  of  removing  three  existing  PCB 
transformers  in  three  different  locations  (pads  378-1,  378-2,  and  378-6); 
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replacing  them  with  three  new  cast  coil  transformers  in  two  locations;  and 
consolidating  power  feeders. 

The  pad  378-1  installation  is  located  in  a  vault  and  consisted  of 
removing  a  1000  kVA  PCB  transformer  and  two  PCB-filled  voltage  regulators  and 
replacing  them  with  a  1000  kVA  cast  coil  transformer  and  a  500  kVA 
transformer.  The  transformer  that  was  removed  had  a  2400  V  primary  and  a 
208  V  secondary.  The  primary  voltage  to  the  vault  was  upgraded  to  12  kV  by 
tapping  into  an  existing  pothead  in  pad  378-2.  The  new  1000  kVA  cast  coil 
transformer  was  constructed  as  a  unit  substation  with  a  new  15  kV  fused  switch 
and  480/277  V  secondary  switchgear.  The  secondary  of  the  new  transformer  was 
480/277  V  grounded  wye.  The  500  kVA  cast  coil  transformer  was  installed  in 
the  vault  to  step  down  the  output  of  the  1000  kVA  unit  from  480  to  208  V.  The 
output  of  this  second  unit  was  connected  to  the  existing  208  V  switchgear. 

The  pad  378-2  installation  consisted  of  removing  a  500  kVA  PCB 
transformer  and  feeding  the  panel  from  the  new  switchgear  on  the  1000  kVA 
transformer  in  vault  378-1.  No  new  transfo  ?r  was  installed  at  pad  378-2.  A 
local  main  disconnect  breaker  was  retrofitted  to  the  back  of  the  existing  load 
panel,  and  new  supports  had  to  be  fabricated  to  support  the  load  panel  that 
was  originally  mounted  directly  to  the  PCB  transformer.  This  load 
consolidation  reduced  the  power  losses,  reduced  the  transformer  cost,  and 
provided  environmentally  safe  and  efficient  power  delivery. 

The  pad  378-6  installation  consisted  of  a  direct  one-for-one  replacement 
of  a  500  kVA  PCB  transformer  with  a  new  500  kVA  cast  coil  transformer.  The 
existing  secondary  switchgear  and  primary  air  interrupter  switch  were  reused. 
The  new  transformer  was  physically  larger  than  the  original  unit;  thus,  the 
concrete  pad  had  to  be  extended.  The  size  increase  is  common  when  liquid- 
filled  transformers  are  retrofitted  with  dry-type  transformers.  During  this 
installation  it  was  noted  that  the  insulation  on  the  existing  conductors 
connecting  the  primary  switch  to  the  transformer  was  in  poor  condition; 
therefore,  the  conductors  were  removed  and  new  conductors  were  installed. 

This  installation  required  a  great  amount  of  planning.  Very  little  work 
could  be  performed  before  the  outage  because  of  the  space  limitations  in  the 
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facility.  The  doorway  entering  the  vault  was  slightly  smaller  than  the 
dimensions  of  the  old  transformer  that  was  to  be  removed.  Thus,  the 
contractor  needed  to  cut  one  of  the  termination  throats  from  the  transformer. 

A  significant  problem  was  encountered  during  this  process.  The  contractor 
failed  to  clean  the  inside  of  the  throat  before  using  the  cutting  torch.  The 
bushings  inside  the  throat  had  leaked  transformer  fluid  into  the  throat  and 
the  fluid  contained  PCBs.  The  material  began  to  smoke  immediately  after  heat 
was  applied.  The  contractor  was  immediately  stopped.  The  environmental  waste 
handling  crew  then  cleaned  the  throat  with  solvent  to  remove  the  PCBs.  Once 
the  throat  had  been  cleaned,  the  PWC  environmental  office  inspected  the  throat 
and  gave  the  contractor  permission  to  complete  the  cut,  which  was  completed 
without  further  incident.  The  existing  2400  V  feeder  (three  conductor  lead 
sheathed  cable)  to  the  old  transformer  in  vault  378-1  could  not  be  removed  and 
had  to  be  capped  and  abandoned  in  placed.  The  contractor  attempted  to  remove 
the  cable  and  could  not  pull  it.  The  San  Diego  PWC  stated  that  the  cable 
should  be  capped  and  abandoned  in  place. 

4.4  Buildino  379 

The  Building  379  installation  consisted  of  removing  three  existing 
167  kVA  PCB-filled,  single  phase,  polemount  transformers  that  were  connected 
in  a  three  phase  bank  and  replacing  them  with  a  single  300  kVA  Square  D 
Company  VPI  dry-type  transformer.  This  task  also  involved  removing  another 
PCB-filled  transformer  from  the  roof  of  Building  379.  The  loads,  which  were 
fed  by  this  transformer,  were  then  alternately  fed  using  another  existing 
transformer.  Ultimately,  four  PCB  transformers  were  removed  from  the  facility 
and  replaced  with  a  single  modern  dry-type  transformer.  The  Square  D  Company 
hired  a  local  subcontractor  (Chula  Vista  Electric)  to  perform  the  actual 
removal  and  installation. 

The  new  300  kVA  transformer  is  uniquely  constructed  with  a  dual  rated 
primary  winding.  The  winding  can  be  connected  in  a  2400  V  or  a  12000  V  delta 
configuration.  The  new  transformer  was  installed  in  the  2400  V  configuration 
using  the  existing  oil  filled  cutouts. 
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The  original  installation  was  very  congested.  The  three  167  kVA 
transformers  were  packed  into  a  very  confined  space  on  an  overhead  wooden 
mezzanine  with  little  or  no  clearance  for  maintenance  personnel.  The  new 
transformer  was  constructed  to  slip  into  the  installation  without  having  to 
modify  the  roof  support  structure.  The  new  installation  provides  a  clean 
transformer  enclosure  design  and  small  size,  allowing  adequate  clearance 
around  the  unit  so  maintenance  can  be  performed  on  the  unit.  Installing  this 
unit  involved  an  intricate  rigging  configuration  that  had  to  be  well  planned. 
The  installation  went  smoothly  without  incident. 

4.5  Building  472 

This  installation  is  in  a  corrosive  environment.  The  transformer  and 
primary  and  secondary  switchgear  are  located  between  two  stack  assemblies. 

The  moisture  and  corrosives  emanating  from  the  stacks  have  caused  extensive 
corrosion  to  the  existing  transformer  enclosure  and  the  existing  primary  and 
secondary  switchgear.  task  involved  removing  the  existing  1500  kVA  PCB- 

filled  transformer  and  replacing  it  with  a  new  1500  kVA  cast  coil  ventilated 
dry-type  transformer  with  future  forced  air  provisions.  Cast  coil 
transformers  are  extremely  resistant  to  corrosives  and  are  environmentally 
inert;  thus,  the  new  transformer  could  be  installed  in  the  same  location  as 
the  old  unit.  New  code  requirements  require  a  substantially  greater  distance 
between  the  facility  and  a  standard  oil-filled  transformer.  A  new  mineral-oil 
filled  transformer  could  not  have  been  installed  without  performing 
substantial  facility  modifications.  The  high  efficiency  cast  coil  dry-type 
transformer  was  installed  outside  on  the  exiting  pad  without  any  facility 
modification.  This  installation  was  performed  on  November  3  and  4,  1990,  by 
ABB  Service  Company  and  their  subcontractors. 

4.6  Building  473 

The  installation  at  this  facility  was  delayed.  The  specification 
detailed  the  design  requirements  of  the  new  transformer;  however,  the 
contractor  manufactured  the  new  extremely  high  efficiency  amorphous  core 
transformer  with  the  wrong  secondary  voltage.  A  new  transformer  was 
manufactured  and  was  installed  on  February  22,  1992.  Building  473  was  a  prime 
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candidate  for  an  amorphous  core  transformer.  The  building  was  being  served  by 
a  112.5-kVA  PCB  liquid-filled  transformer  that  was  lightly  loaded. 

The  transformer  no-load  loss  (core  loss)  remains  constant  at  all  levels 
of  transformer  loading.  The  load  loss,  however,  increases  proportionally  to 
the  loading.  Under  lightly  loaded  conditions,  the  no-load  loss  comprises  a 
more  significant  portion  of  the  total  losses  of  a  transformer.  Building  473 
is  only  occasionally  heavily  used  and  typically  has  minimal  loading.  The 
extremely  low  no-load  loss  of  the  amorphous  core  transformer  will  reduce  the 
power  consumption  at  Building  473  considerably.  No  problems  were  noted  during 
this  final  installation. 


4.7  Building  489 

The  original  1500  kVA  transformer  feeding  Building  489  failed  and  the 
replacement  was  added  to  this  project.  Following  the  failure,  the  failed  unit 
was  removed  and  a  temporary  3750  kVA  unit  substation  transformer  was  installed 
by  the  Navy  PWC.  This  unit  provided  temporary  power  to  the  facility  until 
this  permanent  replacement  was  installed.  The  existing  15  kV  class  primary 
switch  had  been  damaged  during  the  transformer  failure  but  had  to  be  rebuilt 
and  placed  back  into  service  concurrent  with  installation  of  a  new 
transformer. 

This  installation  began  with  the  removal  of  the  3750  kVA  temporary 
transformer.  The  San  Diego  PWC  removed  the  temporary  3750  kVA  unit.  A  new 
1500  kVA  cast  coil  transformer  was  then  installed  by  the  ABB  Service  Company. 
The  new  unit  has  a  12000  V  delta  primary  and  a  480/277  V  grounded  wye 
secondary.  The  original  15  kV  fused  switch  was  rebuilt  by  the  ABB  Service 
Company  and  placed  back  into  service  with  the  new  transformer.  The  ABB 
Service  Company  had  not  anticipated  needing  new  fuses  for  the  primary  switch 
and  had  to  obtain  them  before  the  new  transformer  could  be  energized.  No 
other  problems  were  identified  during  this  installation. 
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5.  TYPES  OF  TRANSFORMER  CONSTRUCTION 


Cast  coil  transformers  provide  an  acceptable  and  preferable  alternative 
to  PCB  transformers.  They  are  self-extinguishing  and,  therefore,  offer  high 
levels  of  fire  safety  compared  to  liquid-filled  transformers,  they  are 
efficient,  and  they  perform  exceptionally  in  the  corrosive  environments  common 
to  Navy  installations. 

Liquid-filled  transformers  have  been  used  for  severe  duty  applications 
for  many  years.  High  fire  point  insulating  liquids  allow  the  use  of  liquid- 
filled  transformers  in  locations  where  there  is  a  risk  of  fire.  The  most 
commonly  used  high  fire  point  liquid  is  commonly  referred  to  as  Askarel  and  is 
primarily  comprised  of  PCBs.  Use  of  PCBs  was  outlawed  in  1977  because  of 
health  problems,  primarily  caused  from  the  by-products  of  combustion  of  these 
fluids  such  as  furans  and  dioxins.  Thus,  alternative  transformer  types  or 
fluids  must  be  used. 

The  primary  alternatives  for  PCB-filled  transformer  replacements  are 
"less  flammable"  liquid-filled  transformers  (insulating  liquids  with  a  minimum 
fire  point  of  300*C  are  classified  as  "less  flammable"  by  UL  and  Factory 
Mutual)  and  dry-type  transformers.  The  first  alternative,  "less  flammable" 
liquid  insulated  transformers,  is  a  good  alternative  but  will  not  work  in  all 
locations.  For  example,  certain  restrictions  or  requirements  apply  when 
installing  liquid-filled  transformers.  There  are  several  currently  available 
"less  flammable"  transformer  insulating  liquids.  They  are  typically  high 
molecular  weight  hydrocarbons.  The  second  alternative  is  to  use  dry-type 
transformers.  "Less  flammable"  liquid-filled  transformers  are  not  an  option 
where  vault  requirements  or  fire  codes  restrict  their  use. 

There  are  two  general  dry-type  transformers  to  evaluate;  standard  and 
CC.  The  standard  dry-type  transformers,  open  wound  and  VPI,  are  not  designed 
to  withstand  the  stress,  use,  and  physical  abuse  of  a  comparable  liquid-filled 
transformer.  Issues  such  as  temperature  rise,  basic  impulse  level,  and  short- 
circuit  strength  are  common  weaknesses  of  standard  dry-type  transformers  when 
compared  to  1 iquid- f i 1  led  transformers.  However,  cast  coil  dry-type 
transformers  perform  with  ratings  equal  to  or  greater  than  those  of  comparable 
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liquid-filled  designs.  The  following  characteristics  of  liquid-filled  and 
cast  coil  dry-type  transformers  were  compared: 

•  Basic  impulse  level 

•  Sound  level 

•  Short  time  overload  capability 

•  Weight 

•  Thermal  rating  (temperature  rise  capability) 

•  Load  losses. 

In  all  cases,  cast  coil  transformers  met  or  exceeded  liquid-filled 
transformer  parameters  for  these  characteristics. 

5.1  Cast  Coil  Transformers 

Cast  coil  transformers  are  dry-type  transformers  with  vacuum  cast  coil 
assemblies.  The  manufacturers  of  cast  coil  transformers  use  two  basic  methods 
of  coil  construction.  One  design  uses  fiberglass  cloth  to  provide  mechanical 
support  along  with  a  thin  layer  of  epoxy  encapsulation.  The  other  design  uses 
a  thick  layer  of  silica-filled  epoxy  to  provide  both  the  dielectric  and 
mechanical  strength. 

Cast  coil  transformers  are  available  with  both  copper  and  aluminum 
conductors.  The  aluminum  units  are  somewhat  less  expensive  to  manufacture  but 
typically  are  larger  and  less  efficient.  The  design  that  uses  the  thin  layer 
of  epoxy  requires  that  the  coils  must  be  cast  in  precision  molds  (i.e.,  they 
require  high  quality  control).  This  requirement  for  precision  molds  depends 
directly  on  the  design  of  the  coils  and  adds  significantly  to  the  mold 
fabrication  cost.  The  manufacturers  that  use  precision  molds  are  typically 
limited  to  building  only  the  coils  for  which  they  have  molds,  and  they 
typically  cannot  build  custom  units.  This  is  a  problem  for  loss  evaluated 
units  in  which  a  larger  amount  of  conductor  is  used  in  the  coils  to  reduce  the 
resistive  losses.  The  manufacturers  that  use  the  thick  epoxy  have  more 
flexibility  because  they  can  often  afford  to  build  a  mold  or  use  an  existing 
mold  for  a  custom  transformer  if  needed. 
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These  types  of  transformers  are  currently  available  with  either  copper 
or  aluminum  windings  to  sizes  of  approximately  10,000  kVA, 

For  additional  information  on  cast  coil  transformers  refer  to  EG&G 
reports  EGG-2591,  February  1990,  Cast  Coil  Transformers  Fire  Susceptibility 
and  Reliability  Study,  and  EGG-EE-8652,  August  1989,  Cast  Coil  Transformer 
Summary  Report  Based  on  Experiences  at  Norfolk  Naval  Base. 

5.2  Vacuum  Pressure  Impregnated/Encapsul ated  Transformers 

Vacuum  pressure  impregnated/encapsulated  (VPI/E)  transformers  are  dry- 
type  transformers  with  coils  that  are  impregnated  (or  encapsulated)  with  a 
silicone,  polyester,  or  epoxy  resin  while  under  vacuum.  The  resin  is  intended 
to  provide  a  barrier  against  moisture,  dust,  and  corrosives  and  increase 
overall  coil  insulation.  The  relatively  thin  resin  coating  does  not  provide 
added  mechanical  strength  as  does  the  CC.  The  vacuum  pressure  encapsulation 
process  was  specifically  developed  for  the  Navy  to  improve  impregnation  and 
moisture  resistance  of  the  windings.  This  enabled  the  Navy  to  use  high 
voltage  dry-type  transformers  aboard  ships  especially  in  the  high  moisture 
environment.  These  types  of  transformers  are  currently  available  with  either 
copper  or  aluminum  windings  to  sizes  of  approximately  10,000  kVA. 

5.3  Liquid  Filled/Amorohous  Core  Transformers 

Liquid-filled  amorphous  core  transformers  are  currently  being  produced 
in  industry  from  15  to  2500  kVA.  These  extremely  efficient  transformers  have 
a  significantly  reduced  magnetic  loss  characteristic.  The  only  difference 
between  the  typical  and  amorphous  core  liquid-filled  transformer  is  in  the 
core  construction. 

Amorphous  metals,  developed  and  patented  by  Allied  Corporation  under  the 
trade  name  of  Metglas,  are  a  new  clasj  of  metallic  materials.  Unlike  other 
metals  or  alloys  of  metals,  amorphous  metals  do  not  have  grain  structure;  they 
are  more  characteristic  of  glass.  When  normal  metals  or  alloys  cool  from  the 
molten  state,  the  atoms  arrange  themselves  into  an  orderly  lattice  of 
crystals.  The  intercrystalline  boundaries  play  a  major  role  in  the  hysteresis 
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losses  experienced  by  steel  when  subjected  to  the  alternating  current  in  a 
transformer.  In  the  Metglas  process,  an  alloy  of  iron,  boron,  and  silicon  is 
cooled  at  approximately  1  million  *C/s.  This  rapid  cooling  causes  the  atoms 
to  arrange  themselves  in  a  random  fashion  as  they  do  in  glass,  rather  than  in 
the  highly  structured  crystalline  lattices  found  in  metals.  The  end  result  of 
this  process  is  a  material  that,  used  in  the  core  of  a  transformer,  cuts  the 
no-load  losses  to  about  25  to  40%  of  the  losses  of  an  equivalent  silicon-steel 
core. 


For  more  information  on  Amorphous  Core  Transformers  refer  to  NCEL 
Report  N-1801,  August  1989,  25  kVA  Amorphous  Metal -Core  Transformer 
Developmental  Test  Report,  and  E6G-EE-8748,  June  1991,  Retrofill/Retrofit 
Study  of  PCB  Electrical  Transformers  U.S.  Navy  Public  Works  Center  Pearl 
Harbor.  Hawaii. 
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6.  RECOMMENDATIONS  AND  CONCLUSIONS 


r.e  San  Diego  Advanced  Transformer  Evaluation  and  Validation  Project  was 
completed  successfully.  It  would  be  useful  to  consider  these  recommendations 
for  future  transformer  installation  and  operation: 

•  Provide  on-line  documentation  and  tracking  for  the  replaced 
transformers.  This  information  must  be  provided  to  the  PWC,  the 
fire  department,  and  any  other  organizations  who  need  it  so  that 
their  records  can  be  updated  to  show  that  the  hazardous  wastes 
(PCBs)  have  been  mitigated. 

A  previous  incider  at  the  Norfolk  Naval  Base  involved  a  PCB 
transformer  that  had  been  replaced  with  a  new  transformer.  The 
new  unit  caught  on  fire,  and  the  fire  department  would  not  enter 
the  vault  to  put  the  fire  out  because  their  records  listed  the 
unit  at  PCB  filled.  The  damage  to  the  unit  and  vault  could  have 
been  reduced  substantially  if  the  proper  records  would  have  been 
updated. 

•  Install  cast  coil  transformers  in  environmentally  sensitive  areas 
and  areas  with  high  power  rates.  They  also  are  excellent  for  use 
in  facilities  that  experience  cyclical  loads  where  the 
transformers  are  or  can  be  shut  down  for  long  periods  of  time  or 
when  varying  loads  are  experienced. 

•  Evaluate  amorphous  core  transformers  when  life-cycle  costs 
indicate  that  small  increases  in  purchase  price  will  be  recovered 
by  the  reduced  losses  of  the  transformer. 

•  Conduct  a  follow-on  study  on  the  VPI  transformer  installed  in 
Building  379.  The  operational  data  will  provide  the  Navy  with 
verification  of  the  performance  of  a  VPI  transformer  in  a  shore- 
based  Navy  application. 
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•  Thoroughly  investigate  the  replacement  sites  for  access,  floor 

space,  and  other  interface  requirements  that  could  possibly  cause 

problems  during  the  installation.  Any  findings  should  be  pointed 
out  to  the  contractors  before  installation  to  minimize  impact. 

•  Strictly  monitor  the  installation  schedule  and  coordination  with 

the  PWC.  Ensure  that  all  aspects  are  properly  scheduled  and  that 

all  needed  resources  and  personnel  are  available. 

•  Strictly  monitor  the  contractor  to  ensure  that  all  areas  are 
thoroughly  cleaned  after  the  installations  are  complete  and  that 
all  materials  and  debris  are  removed  from  the  job  site. 

The  transformer  installations  illustrate  technology  evaluation, 
operational  performance,  fire  code  compliance,  and  sizing.  These  types  of 
transformers  each  have  their  specific  applications  and  advantages  and  serve  as 
excellent  replacements  for  PCB-fil led/contaminated  transformers  in  Navy 
applications.  Each  of  the  types  of  transformers  demonstrated  during  this 
project  will  provide  the  Navy  with  environmentally  safe  and  efficient  power 
delivery  alternatives  to  PCB-filled  transformers. 
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SPECIFICATION 

FOR  THE  PURCHASE  AND  INSTALLATION  OF 
LIQUID  FILLED  TRANSFORMERS  AT  THE 
SAN  DIEGO  NAVAL  FACILITY 

1.  SCOPE 

1.1  Scope.  This  specification  covers  the  design,  fabrication,  testing, 
installation,  and  inspection  of  new  liquid  filled,  power  transformers  and 
the  removal  of  the  existing  polychlorinated  biphenyl  (PCB)  filled 
transformers,  handling  of  PCB  fluid,  and  obtaining  the  permits  required 
for  hauling  hazardous  waste.  The  intent  is  to  make  a  turnkey  replacement 
with  advanced  technology  transformers  including  any  equipment  needed  to 
replace  the  existing  transformers.  They  will  be  used  to  provide  the  Navy 
with  performance  data  on  these  advanced  technology  devices. 

1.2  Add! icabil itv.  It  is  not  the  intent  to  specify  details  of  design  and 
construction  except  where  necessary  to  establish  performance  requirements, 
nor  is  it  intended  to  set  forth  those  performance  requirements,  which  are 
adequately  specified  in  applicable  standards. 

All  components  of  the  transformers  shall  function  in  a  satisfactory 
manntr  within  their  rated  capacity  under  the  specified  service  conditions 
regardless  .oi  whether  all  necessary  specific  performance  requirements  are 
set  forth  herein  or  in  applicable  standards. 

2.  APPLICABLE  DOCUMENTS 

The  following  documents  form  a  part  of  this  specification  to  the 
extent  specified  herein.  The  issue  of  a  document  and  amendments  in  effect 
on  the  date  of  publication  of  this  specification  shall  apply. 
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2 . 1  Ame»~'ic3^  Nat''ona1  Standa^^d  '"St’^tute  --NSIK 

ANSI-C57  12.00  General  Requirements  for  Liquid  Immersed 

Distribution  Power  and  Regulating  Transformers 

ANSI-C57  12.13  Requirements  for  Conformance  Liquid  Filled 

Transformers  Used  in  Unit  Installation  including 
Unit  Substations 

ANSI-C57  12.27  Conformed  Requirements  for  Liquid  Filled 

Transformers  Distribution  Used  in  Pad  Mounted 
Installation,  including  Unit  Substations 

ANSI-C57  12.80  Terminology  for  Power  and  Distribution 

Transformers 

ANSI-C57  12.90  Test  Code  for  Liquid  Immersed  Distribution,  Power, 

and  Regulating  Transformers 

ANSI-C57  12.91  Test  Code  for  Dry  Type  Distribution  and  Power 

Transformers 

C2-1989  National  Electrical  Safety  Code 

ANSI-C57-13  Requirements  for  Instrument  Transformers 


Z35.1  Specifications  for  Accident  Prevention  Signs 

2 - 2  American  Society  of  Testing  and  Materials  fASTM). 

ASTM  D  92-78  Flash  and  Fire  Points  by  Cleveland  Open  Cup 


ASTM  D-877  Dielectric  Breakdown  Voltage  of  Insulating  Liquids 

ASTM  D-923  Sampling  Electrical  Insulating  Liquids 
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ASTM  D-52A 


^ower  Factor  and  Dielectric  Constant 


ASTM  D-S74 


Neutralization  Number 


^STM  0-1533 


Water  in  Insulating  Liquid 


ASTM  D-2225 


Methods  of  Testing  Silicone  Fluids  Used  for 
Electrical  Insulation 


ASTM  D-3487 


Mineral  Insulating  Oil  Used  in  Electrical 
Apparatus 


ASTM  D-4652 


Standard  Specification  for  Silicone  Fluid  Used  for 
Electrical  Insulation 


2.3  National  E'^ectric  Manufacture*'s  Association  (NEMAl. 


NEMA  TRI-1974  Transformers,  Regulators,  and  Reactors 


2.4  National  Fire  Protection  Association  fNFPAl  Publication. 


NFPA  70 


National  Electrical  Code 


2.5  Others. 


IEEE  400-1980 


IEEE  Guide  for  Making  High  Direct  Voltage  Tests  on 
Power  Cable  Systems  in  the  Field 


NEESA  20.2-028a  PCB  Compliance,  Assessment,  and  Spill  Control 

Guide 


OPNAVINST  5090.1  Environmental  and  Natural  Resources  Protection 

Manual 


29  CFR 


General  Industry  Safety  and  Health  Standards 
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40  CFR  263 


Standards  Applicable  to  Transporters  of  Hazardous 
Waste 


40  CFR  172 


Hazardous  Materials  Tables  and  Communications 
Standards 


49  CFR  173 

40  CFR  761 

PWC  San  Diego 

Cal ifornia  CAC 
Title  22, 
Division  4 

MIL-P-28641 

MIL-Q-9858A 


General  Requirements  for  Shipping  and  Packaging 
Polychlorinated  Biphenyls  (1979) 

Utility  Standards 

Environmental  Health 

Primer  Coating,  Vinyl  Chlorine  Acetate,  Copolymer, 
High  Build  (for  steel  and  masonry) 

Quality  Program  Requirements 


S.  TECHNICAL  REQUIREMENTS 


3.1  General .  The  transformers  shall  have  low  loss  metal  core  and  shall 
be  three  phase,  three-winding,  fluid- immersed,  self-cooled,  dead  front, 
suitable  for  installation  indoors  or  outdoors,  or  as  specified  in  the 
individual  data  sheets  in  Appendix  A.  They  shall  have  primary  and 
secondary  compartments  that  shall  enclose  all  termination  devices  so  that 
no  live  parts  are  exposed  when  the  transformer  is  energized.  Unit 
substation  transformer  installations  are  exempt  from  the  dead  front 
requirement.  The  transformer  and  installation  shall  meet  all  applicable 
requirements  of  the  ANSI,  ASTM,  NEC,  and  NEMA  publications  as  specified 
herein.  The  transformer  shall  be  of  new  construction.  The  successful 
bidder  shall  be  responsible  for  all  field  modifications  and  measurements 
and  provide  installation  and  checkout,  and  turn  the  transformer  over  to 
the  operations  department,  PWC  San  Diego,  through  the  EGiG  Idaho,  Inc. 
Resident  Engineer  ready  for  operation. 
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3.2  ect''- :a''  P'^c-jucts.  All  materials,  appliances,  equipment,  or 
devices  shall  be  new  and  conform  to  the  applicable  standards  of  the 
Underwriter's  Laboratories ,  Inc.  (UL)  and  applicable  chapters  of  the 
National  Electrical  Code  (NFPA  70),  where  such  standards  exist.  All 
materials,  appliances,  equipment,  or  devices  shall  be  listed  and/or 
labeled  by  UL,  where  such  standards  exist. 

3.3  Condition  of  P'^oducts.  Except  as  otherwise  indicated,  new  electrical 
products  free  of  defects  and  harmful  deterioration  shall  be  provided  at 
the  time  of  installation.  Each  product  provided  shall  be  complete  with 
trim,  accessories,  finish  guards,  safety  devices,  and  similar  components 
specified  or  recognized  as  integral  parts  of  the  product,  or  required  by 
the  governing  regulations. 

3.4  Uniformity.  Where  multiple  units  of  a  product  are  required  for  the 
electrical  work,  identical  products  shall  be  provided  by  t^e  same 
certified  and  approved  manufacturer  without  variations  except  for  sizes 
and  specific  variations  as  indicated. 

3.5  Test  Point  Observation.  The  successful  bidder  shall  supply  EGiG 
Idaho  with  a  flow  sheet  for  the  manufacture  of  each  transformer  indicating 
all  test  points.  The  successful  bidder  shall  notify  EG&G  Idaho,  in 
writing,  of  the  date  that  each  test  will  be  conducted  at  least  14  days 
before  that  test  and  will  admit  EG&G  Idaho  and  government  representatives 
to  witness  the  tests. 

3.6  Performance  Requirements.  Each  transformer  shall  comply  with  the 
following  performance  requirements  as  specified  in  ANSI-C57  12.00,  except 
as  noted  in  the  data  sheets  in  Appendix  A. 

Transformer  Rating  As  specified  in  Appendix  A. 

Auxiliary  Cooling  Forced  air  provisions,  fan  mounts,  and 

temperature  sensor  access  points  as  a 
minimum  shall  be  provided  for  future. 

Refer  to  the  data  sheets  in  Appendix  A  for 
special  instructions. 
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Primary  Voltage 

Primary  Connection 
Frequency  and  Phase 
Secondary  Voltage 
Secondary  Connection 

Insulating  Liquid 


As  soecified  in  Appenc'x  A.  Note  special 
dual  voltage  requirements. 

As  specified  in  Appendix  A. 

60  Hertz,  3  Phase 

As  specified  in  Appendix  A. 

Wye  connection  with  neutral  to  be  brought 
out  through  an  insulated  bushing  with 
external  ground  strap. 

The  insulating  liquid  shall  be  "less 
flammable"  as  defined  in  the  NFPA  with 
284‘C  minimum  flashpoint  and  312*C 
minimum  firepoint  and  shall  have  less  than 
30  ppm  water  content  per  ASTM  D-4625.  The 
liquid  shall  be  as  specified  in  the  data 
sheets;  however,  evaluated  options  of 
alternatives  will  be  considered  if  they  are 
to  the  best  advantage  of  the  U.S. 
Government. 

Silicone  liquid  with  300'C  minimum 
flashpoint  and  340’C  minimum  firepoint 
and  shall  have  less  than  30  ppm  water 
content  per  ASTM  D-4652.  Askarel  and 
insulating  liquids  containing  PCBs  shall 
not  be  provided. 


or 

The  insulating  liquid  shall  be  RTEMP  with 
284*C  minimum  flashpoint  and  312*C 
minimum  firepoint  and  shall  have  less  than 
5  ppm  water  content. 
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Insulating  Paper 

Temperature  Rise 
Taps  -  No  Load 

Insulation  Levels 
Primary  Voltage 


Secondary  Voltage 


Core  Material 
(General ) 


There  shall  be  less  than  1%  moisture  by  dry 
weight  in  the  paper  insulation. 

55*C  per  NEMA  TRI-1974. 

Minimum  of  five  full  capacity  high  voltage 
taps  (two  2-1/2%  taps  above  and  two  2  1/2% 
taps  below  normal  voltage  and  tap  position 
indicators) . 


95  KV  BIL  for  Insulation  Class  15  KV  and  75 
KV  BIL  for  Insulation  Class  5  KV.  Based  on 
specific  voltage  ratings,  which  are  in  the 
data  sheets  in  Appendix  A. 

30  KV  BIL  for  Insulation  Class  600  V.'  For 
specific  voltage  ratings,  see  the  data  sheets 
in  Appendix  A. 

The  core  shall  be  constructed  of  low  loss 
silicon  steel  sheets  except  where  specified 
as  amorphous.  The  specific  type  of  low  loss 
silicon  steel  is  to  be  determined  by  the 
manufacturer  to  meet  the  lowest  total 
operating  costs  and  optimize  no-load  losses. 
However,  the  intent  of  this  replacement 
program  is  to  install  advanced  technology 
transformers  wherever  it  is  economically 
feasible.  The  use  of  amorphous  metal,  laser 
etched  steel,  or  other  advanced  technology 
core  material  is  encouraged  in  order  to  meet 
low  operating  cost  criteria. 
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Impedance 


No-Load  Loss 
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T^e  follow^no  applies  to  these  t'^ansforme'^s 
specified  as  amo»-chc'Js  core.  The  transformer 
shall  be  constructed  of  low  loss  amorphous 
metal.  The  complete  core  assembly  shall  be 
fully  encapsulated  with  a  protective  coating 
of  approved  material  to  eliminate  sharp  edges 
and  prevent  flaking  particles  from  entering 
the  coolant  during  normal  operation.  The 
no-load  losses  shall  be  less  than  45%  of 
those  no-load  losses  of  comparable  silicon 
steel  core  designs.  It  is  known  that  a  wound 
core  is  standard.  However,  a  few  of  the 
options  in  the  data  sheet  specifically 
require  stacked  core.  This  stacked  core  will 
be  treated  as  a  research  project  to  get  a 
"new"  technology  unit.  The  other  amorphous 
core  device  can  be  wound  (or  stacked)  at  the 
manufacturer's  discretion. 

As  specified  in  the  data  sheets  in  appendix  A 
with  the  following  guidelines: 

1.  The  minimum  allowable  impedance  for 
transformers  750  KVA  and  above  is  4.0 
percent. 

2.  The  minimum  allowable  impedance  for 
transformers  500  KVA  is  3.5  percent. 

3.  The  tolerance  is  +/-  7  1/2  %  except  for 
the  transformers  with  dual  rated  primaries 
which  shall  have  an  impedance  tolerance  of 
+/-  10  % 

The  no-load  losses  (core  losses)  shall  be 
optimized  per  the  evaluation  formula  provided 
in  the  bid  package/Request  For  Proposal 

(RFP). 
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Load  Loss  The  load  losses  (winding  losses)  shall  be 

optimized  per  the  loss  evaluation  formula 
provided  in  the  bid  package/RFP. 

Sound  Level  ShaT'  not  exceed  noise  level  per  NEMA 

standards . 


3 . 7  Environmental  Conditions. 


Elevat'  50  feet  above  sea  level 

Location  Indoor/outdoor  (See  Appendix  A.) 

Temperature  Range  O'C  to  40*C 


3.8  Accessories.  The  transformer  shall  have  the  following  accessories  as 
a  minimum.  The  accessories  shall  be  constructed  and  located  as  described 
in  ANSI-C57  12.00. 

•  Elbow  terminators,  fuses,  load  break  switches,  and  tap 
changers  as  called  out  in  Section  3.6,  primary  connection 
section,  and  per  individual  data  sheets  in  Appendix  A. 

•  Magnetic  liquid  level  gauge  with  25’C  level  marking. 

•  Dial  type  thermometer  with  alarm  contact  of  sufficient 
capacity  to  control  the  future  fan  contactor  and  an  additional 
contact  for  a  future  utility  control  system. 

•  Pressure  -  both  a  vacuum  bleeder  device  and  a  high  volume 
pressure  relief  device  rated  at  a  minimum  of  100  SCFM  at 

15  psi.  Additional  pressure  relief  capacity  will  be  required 
and  installed  per  UL  classification,  if  RTEMP  fluid  is  used. 
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1  'nch  N?T  boss  and  plug  in  tank  top  situated  such  that  a  1/2 
inch  •'  cergiass  instrument  rod  could  be  inserted  (in  the 
^uture  by  others)  into  the  fluid  (straight  down)  without 
contacting  any  part  of  the  bus  or  core  assembly. 

Jpper  Filler  Connection  -  1  inch  nipple  with  plug. 

Drain  Valve  -  1  inch  globe  valve. 

Lower  Sampling  Valve  -  min.  3/8  inch  at  tank  bottom  (may  be 
part  of  drain  valve  assembly). 

Upper  Sampling  Port  -  min.  3/8  inch  boss  in  tank  wall  and 
valve  (with  cap)  approximately  1  inch  below  top  fluid  level  to 
allow  future  diagnostic  instrumentation  access  (by  others). 

Lifting,  moving,  and  jacking  provisions. 

Stainless  steel/aluminum  nameplate  with  information  required 
in  ANSI-C57  12.00  at  two  locations:  one  on  the  transformer 
exterior  and  one  in  the  secondary  cubicle,  (note:  stainless 
steel  is  preferred) 

A  junction  box  shall  be  located  on  the  transformer  nameplate 
side  and  contain  a  terminal  board  for  all  electrical  circuits 
entering  or  leaving  the  junction  box.  The  junction  box  shall 
have  a  hinged  door  with  a  gasket  and  a  handle  with  provisions 
for  padlocking.  All  electrical  circuits  from  components 
mounted  within  the  transformer  shall  run  to  this  terminal 
board. 

An  optional  top  oil  temperature  sensing  thermocouple  shall  be 
mounted  in  the  prevailing  transformer  top  oil  thermal  hot 
spot.  A:  a  minimum,  the  thermal  well  housing  must  be 
included,  even  if  the  optional  top  oil  temperature  sensing 
thermocouple  is  not  added.  The  thermocouple  shall  be 
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installed  in  a  thermal  well  housing  that  will  allow 
maintenance.  This  thermocouple  will  provice  input  to  an 
electronic  temperature  monitor.  This  instrument  shall  respond 
to  the  top  oil  temperature  and  automatically  display  this 
reading.  An  analog  meter  shall  continuously  display  the  top 
oil  temperature  and  indicate  the  maximum  temperature  reached 
over  a  period  of  time.  Light  emitting  diodes  are  not 
acceptable.  The  highest  temperature  shall  also  be  used  to 
initiate  alarm  and  trip  functions  and  is  stored  for  future 
recall  until  the  maximum  temperature  memory  is  cleared.  Fail 
safe  alarm  relay  circuits  automatically  actuate  if  supply 
power  has  been  lost.  Maximum  temperature  can  be  recalled  even 
if  supply  power  has  been  interrupted.  A  self-test  procedure 
allows  set  points  to  be  de*  •’■mined  and  their  operation 
verified.  Alarm  and  trip  i.:  points  will  be  tested  from  the 
front  panel.  Open  thermocouple  circuits  are  detected  and 
indicated,  but  do  not  affect  instrument  operation.  Manual 
control  of  alarm  and  test  functions  shall  be  provided.  All 
input  and  output  connections  shall  be  made  to  the  terminal 
blocks  on  the  back. of  the  instrument.  The  set  points  of  this 
thermal  device  shall  be  adjustable,  and  two  sets  of  alarm  and 
trip  contacts  shall  be  provided.  The  alarm  contacts  on  the 
temperature  indicator  shall  be  factory  wired  and  brought  out 
to  terminal  blocks  on  the  exterior  of  the  tr^  former 
enclosure.  The  terminal  blocks  shall  be  mour,  d  in  the 
junction  box.  A  thermometer  with  a  remote  sensing  bulb  is  not 
acceptable.  The  thermocouple  shall  be  removable  without 
disconnecting  the  electrical  wiring.  The  temperature  monitor 
system  shall  be  graduated  'n  degrees  centigrade  and  shall  be 
tested  at  200*C  before  installing  on  the  transformer.  The 
thermally  operated  device  shall  be  coordinated  with  the 
transformer  design  and  shall  be  connected  and  set  to  function 
as  follows: 

First  stage  shall  be  adjustable  and  set  at  75‘C 
temperature  at  which  the  substation  audible  bell  alarm 
can  be  activated  (connected  in  future  by  others). 
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Second  stage  shall  be  adjustable  and  set  at  lOO'C 
temperature  at  which  the  transformer  is  isolated  by 
removing  the  electric  load  and  tripping  all  the  power 
circuit  breakers  via  tne  circuit  breakers'  shunt  trip 
coils  (connected  in  future  by  others). 

3.9  Tank  Construction.  The  tank  shall  be  of  welded  steel  construction 
designed  to  withstand  a  pressure  25%  greater  than  the  maximum  operating 
pressure  and  normal  working  vacuum.  The  cover  shall  be  provided  with 
access  holes  or  manholes,  lifting  eyes,  and  pressure  relief.  The  base 
shall  permit  rolling  or  skidding  with  pulling  eyes  and  be  equ^c^ed  with 
ground  pad. 

3.10  Paint.  The  color  of  the  finished  transformer  shall  be  C37.20 
Federal  Standard  595  dark  forest  green  enamel . 

3.11  Miscellaneous  Requirements. 

3.11.1  Insulated  Phase  Barriers.  Primary  and  secondary  insulated 
phase  barriers  shall  be  provided. 

3.11.2  Undercoatinq.  Transformers,  which  have  bases  that  come  in 
contact  with  concrete,  shall  have  the  underside  of  their  bases  coated  with 
a  corrosion  resistant  coating  that  conforms  to  Military  Specification 
MIL-P-28641  (or  an  equivalent)  with  a  minimum  thickness  of  4  mils. 

3.11.3  Warning  Signs.  In  accordance  with  ANSI  Z35.1,  warning  signs 
shall  be  provided  for  the  enclosures  of  electrical  transformers  having  a 
nominal  voltage  rating  of  500  volts  or  above. 

3.12  Provisions  fo’^  Fan  Cooling.  The  transformer,  500  KVA  and  larger, 
shall  have  provisions  for  future  fan  cooling  (by  others).  As  a  minimum, 
fan  mounting  brackets  and  dial  thermometers  with  control  contacts  shall  be 
provided . 
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3.13  liilins-  The  following  tests  shall  be  performed  in  accordance  with 
NEMA  TRI,  ANSI-C57  12.90,  and  ASTM  Standards  as  listed  by  the  associated 
tests.  All  testing,  except  the  field  tests,  shall  be  cone  at  the  factory, 
and  the  certified  results  shall  be  submitted  to  the  buyer  for  approval 
before  shipment  of  the  transformer.  Field  tests  shall  be  performed 
unless  specifically  denied  by  EG&G  Idaho  and  shall  also  have  certified 
test  procedures  and  results  if  opted  by  EG&G  Idaho.  All  testing  included 
in  this  Specification  shall  be  performed  and  costs  must  be  included  in  the 
transformer  purchase  price. 

The  purchaser  reserves  the  right  to  witness  any  or  all  tests,  and  the 
vendor  shall  notify  the  purchaser  14  days  in  advance  of  the  date  for 
conducting  any  test  (see  Section  3.5). 

Field  tests  shall  be  conducted  by  representatives  of  the  manufacturer 
and  shall  be  completed  after  the  transformer  has  been  set  in  place  and 
before  the  primary  and  secondary  connections  are  made.  These  tests  shall 
be  as  described  in  Section  3.13.3. 


The  tests  below  shall  be  made  on  the  transformer  as  a  minimum 
requirement.  The  order  of  listing  does  r  t  necessarily  indicate  the 
sequence  in  -hich  the  tests  shall  be  conducted. 


3.13.1  Coolant  Tests. 


ASTM  D-877 
ASTM  D-923 
ASTM  D-924 
ASTM  D-974 
ASTM  D-1533 
ASTM  D-2225 


Dielectric  Breakdown  Voltage 
Sampling  Electrical  Insulating  Liquids 
Power  Factor 
Neutralization  Number 

Water  in  Insulating  Liquid  (field  test  only) 
Silicone  Fluids  if  Silicone. 


PCS  contamination  certification  requires  stating  either  that  PCB 
content  is  less  than  5  ppm  or  that  the  transformer  is  PCB  free  and 
contains  no  PCB.  A  stainless  steel  label  clearly  stating  the  PCB  content 
shall  be  attached  to  the  transformer. 
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3.13.2  ^acto*"-'  E''gct’''ic 

1.  Coil  resistance  measurements  of  all  windings  on  the  rated 
voltage  connection  and  at  the  tap  extremes. 

2.  Turns  ratio  test  on  the  rated  voltage  connection. 

3.  Polarity  and  phase  relation  tests  on  the  rated  voltage 
connection. 

4.  No-load  loss  at  rated  secondary  voltage  on  the  secondary 
voltage  connection  (field  and  factory  test). 

5.  Exciting  current  at  rated  voltage  on  the  rated  voltage 
connection. 

6.  Impedance  and  load  loss  at  rated  current  on  the  rated  voltage 
connection  and  on  tap  extremes. 

7.  Temperature  tests  under  conditions  specified  in  ANSI 
Standards  for  transformers.  (Typical  temperature  rise  of  the 
"exact"  design  may  be  substituted  with  written  approval.) 

8.  Applied  potential  test. 

9.  Induced  potential  test. 

10.  Impulse  test. 

11.  Insulation  power  factor. 

3.13.3  Field  Tests.  Field  tests  shall  be  performed  as  part  of 
installation.  Test  reports  shall  be  certified  for  methodology  and 
accuracy. 

•  No-load  loss  as  measured  from  the  secondary  winding  at  ambient 
temperature  (ANSI-C57  12.90).  Record  both  ambient  and  top  oil 
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temperatures.  Conduct  this  test  on  both  existing  transformers  to 
be  removed  and  the  new  transformers.  Record  ambient  temperature  on 
the  test  reports. 

.  Water  content  in  oil  at  ambient  temperature  (ASTM  D-1533).  Record 
both  ambient  and  top  oil  temperatures. 

.  Insulation  power  factor  (Method  II  ANSI-C57  12.90,  Section  10.9) 
Doble  Test  or  equal.  (Insulation  power  factor  to  be  0.9  or  less.) 

•  Before  energizing  the  transformer,  test  the  transformer  turn  ratio 
(TTR)  at  all  tap  settings.  Megger  all  leads  before  connecting  them 
to  the  transformer  and  check  the  leads  for  grounds  using  VOM  before 
any  connections  are  made.  Any  lead  with  a  Megger  reading  of  less 
than  10  megohms  shall  be  replaced. 

4.  QUALITY  ASSURANCE  PROVISIONS 

Unless  otherwise  specified,  the  supplier  is  responsible  for  all 
examinations  and  inspections  as  specified  herein.  The  vendor  shall 
maintain  a  Quality  Assurance  Program  in  accordance  with  MIL-C,-9858A  or  an 
approved  equal  during  the  performance  of  the  contract,  which  provides 
adequate  quality  assurance  and  control  throughout  design,  fabrication, 
testing,  inspection,  and  shipping  of  the  transformer.  The  vendor  shall 
provide  the  documents  describing  the  Quality  Assurance  Program  and 
containing  the  procedure  that  will  be  invoked  to  comply  with  the  above. 

An  Inspection  and  Test  Procedure  shall  be  prepared  and  submitted  to  the 
buyer  for  approval.  Final  inspection  and  test  reports  as  required  by  this 
Specification  shall  be  submitted  to  the  buyer  for  approval.  The  vendor 
shall  maintain  a  calibration  system  for  the  periodic  calibration  of  test 
instruments  to  standards  traceable  to  the  National  Bureau  of  Standards. 

Vendor  data  shall  be  submitted  per  attached  "Vendor  Data  Requirements 
Lists"  (see  Appendix  B) . 
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5.  PACKAGING 

The  transformer  shall  be  prepared  for  shipment  within  the  Continental 
United  States.  All  accessories  snail  be  protected  from  damage.  Tne 
transformer  shall  be  sealed  to  prevent  entry  of  moisture  or  foreign 
materials  during  shipment.  Documents  as  indicated  in  Appendix  B  shall  be 
required.  Shipping  is  the  responsibility  of  the  supplier  as  part  of  the 
total  installation  package. 


6.  SUBMITTALS 

Within  30  days  of  receipt  of  the  order,  the  vendor  shall  furnish  the 
purchaser  with  all  necessary  outline  drawings  and  weights  of  the 
transformers. 

6.1  Shop  Drawings  and  Manufacturer's  Data.  Shop  drawings  for 
transformers  shall  indicate,  but  shall  not  be  limited  to,  the  following: 

Overall  dimensions,  front  view,  interfaces  with  existing 
equipment,  and  sectional  views. 

Ratings  and  sizes  of  lugs,  impedance,  taps,  and  fans  if 
appl icable. 

Manufacturer's  published  information  on  the  main  secondary  breaker 
and  feeder  devices  at  each  transformer  to  allow  owner  to  review 
settings,  which  will  ensure  that  proper  protection  and 
coordination  will  be  achieved. 

Complete  list  of  spare  parts  and/or  supplies  with  current  unit 
prices  and  source  of  supply. 

6.2  Ce>-ti^ied  Laboratory  Test  Data.  Certified  copies  of  reports  of  all 
tests  shall  be  submitted  as  required. 


A-22 


ES- 51233 


6.2.1  '^rans^c’''"e»~  ~e;ts .  Transformer  test  shall  be  performed  'n 

accordance  with  the  ANSI-C57  12.90  -  for  liquid  filled  {ANSI-C57  12.91  - 
for  dry-type)  standard  test  code  and  Section  3.13.  Certified  copies  of 
test  data  for  the  following  tests  shall  be  submitted  and  shall  receive 
approval  before  delivery  of  equipment  to  the  project  site.  Field  test 
data  sheets  shall  be  submitted  within  14  days  after  test  completion. 

7.  DEMOLITION  AND  CONSTRUCTION 

7.1  Demolition  and  Construction  Gene’^al  Requirements.  The  vendor  shall 
furnish  technical  personnel  to  be  present  at  the  site  to  perform,  as  a 
minimum,  the  following  tasks  (see  Appendix  C).  Permits  for  PCS  fluid  and 
transformer  casing  transport  shall  be  obtained  by  the  successful  bidder 
before  removal.  Note  that  CSHA  regulations  require  workers  handling  PCBs 
to  be  properly  trained  and  certified. 

Request  and  have  operating  Contractor  (PWC  personnel)  de-energize 
the  existing  transformers. 

Test  the  existing  transformers  for  no-load  loss,  record  data,  and 
submit  in  writing  to  the  Resident  Engineer. 

Drain  the  PCB  fluid  from  each  transformer  into  approved  drums, 
seal,  and  deliver  it  to  the  interim  hazardous  waste  storage  area 
at  the  base. 

Purge  the  transformer  case  with  dry  nitrogen  gas  and  seal. 

Remove  and  deliver  the  transformers  to  the  interim  hazardous  waste 
storage  area  at  the  base,  as  designated  by  the  Resident  Engineer. 

Provide  and  install  new  transformers  and  test  per  Section  3.13.3. 

Request  PWC  personnel  to  energize  the  system. 
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Verify  proper  ope’'at’on  and  turn  the  operating  transformer  over  to 
EjiG  Idaho  for  remanding  to  PWC  San  Diego. 

The  EGdG  Idaho  Resident  Engineer  shall  coordinate  all  outages  and 
provide  interface  between  the  successful  bidder's,  installers,  and  the 
operating  Contractor  (PWC).  PWC  Cooe  640  is  responsible  for  manifesting 
all  PCB  (hazardous  waste)  activity,  and  PWC  shall  be  contacted  through  the 
EG&G  Idaho  Resident  Engineer. 

7.2  Draining.  Service  shall  include  removal,  packaging,  and  transporting 
[to  a  Defense  Reutilization  and  Maintenance  organization  (DRMO)  hazardous 
waste  staging  area]  of  the  PCB  or  PCB  contaminated  fluid  initially  drained 
from  the  transformers.  DRMO  waste  shall  be  clearly  labeled  with  contents, 
level  of  contamination,  its  source,  and  manifested  by  PWC  Code  640. 

The  Subcontractor  must  review  and  comply  with  the  minimum  Outline 
Spill  Prevention,  Control,  and  Countermeasures  (SPCC)  Plan  before  draining* 
fluid  from  a  liquid  cooled  transformer  (see  Appendix  D).  Appendix  D 
details  the  SPCC  requirements  that  the  Subcontractor  must  observe. 

7.3  Transportation  and  Disposal.  All  hazardous  waste  material  shall,  as 
a  minimum,  be  contained  in  Department  of  Transportation  (DOT)  approved 
containers  from  point  of  removal  until  delivered  to  the  final  disposal 
site.  The  following  are  methods  of  handling  the  wastes  and  are  subject  to 
the  requirements  of  40  CFR,  Part  263  and  49  CFR,  Parts  172  and  173  and 
shall  be  superseded  if  the  regulations  are  amended. 

1.  Drums  shall  be  DOT  approved  for  hazardous  waste:  17E  for 
fluids,  17H  for  porous  solids,  and  17H  for  rags  and  solvent. 

2.  Bulk  containers  shall  be  six  sided,  welded  steel 
construction,  lined  with  a  minimum  of  10  mil  plastic  sheet, 
and  watertight.  The  container  shall  be  handled  by  a  truck 
specially  fitted  to  transport  the  container  from  generation 
point  to  disposal  point. 
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This  is  a  replacement  of  transformer  PWC  #69,  an  existing  500  KVA 
phase  480  V  PCB  transformer. 

Supply  fan  to  achieve  higher  rating. 

Dual  voltage  primary  winding  is  an  option.  Regardless  of  whether 
the  option  is  exercised,  the  2400  VAC  primary  must  be  supplied.  I 
the  option  is  exercised  then  taps  snail  be  provioed  for  the  higher 
rating  (12  KV). 
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“’•aDsf Dr~er  Icentif-i 

Locati cn 

Size 

Pr'irary  Voltage 
Primary  Wincing  Type 
Secondary  Voltage 


Secondary  Winding  Type 


W'^^-GRCUNCTD 


Percent  Impedance 
Primary  Switch 
Primary  Connection 

Secondary  Connections 

Secondary  Breaker 
Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


Consolidation  replacement  of  existing  PCB  transformers  (#70  and 
#71).  See  sketches  SO  1,  2,  and  3  for  aaditional  information. 


A-27 


Mivlnvld  1111  I  «!'•  A'*" 


AmtoxiitAKi  Y  lie 


A  .  ■50 


uiiir  simsYAiiOfi,  fig  n  vfrii  y 


Ill  ST  suiiai  urn  iif:  ihahj  nfftHH 

M(4f  WA  I  nt:  Am  A<  I  O 


iiciitiit  A  pmf 


0  ■» 


TRANSrORMER  DATA  SHEET 


Transformer  laenri fication 
Location 


Size 

Primary  Voltage 
Primary  Winding  Type 


'Pwc:6-0LD' 

c::s-NEw 

BLDG  342 

'12.5  KVA 

trtr 

2.4/12  KV  DUAL 

DELTA 

Secondary  Voltage 
Secondary  Winding  Type 
Percent  Impedance 
Primary  Switch 
Primary  Connection 
Secondary  Connections 

Secondary  Breaker 
Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


_ A80/277  V _ 

_ WYE-GROUNDED _ 

_ l;0 _ 

NEW  3  POLE  15KV  50AF  FUSED _ 

TRANSITION  AND  CABLE  TO  NEW  SWITCH 

REUSE  EXISTING  —  SPLICE  TERMINATION 

FOR  CONNECTIONS  TO  EXISTING _ 

SWITCHGEAR _ 

REUSE  EXISTING  BREAKER  -NO  CHANGES 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 


Reolacement  of  existing  112.5  KVA  PCB  transformer. 

Optionally  propose  and  construct  this  unit  with  an  amorphous  stacked 
core,  as  per  specification. 

Dual  voltage  primary  winding  is  an  option.  Regardless  of  whether 
the  option  is  exercised,  tne  2AOO  VAC  primary  must  be  supplied.  If 
tne  ootion  is  exercised  then  taps  shall  be  provioed  for  the  higher 
rating  (12  KY). 
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TRANSFORMER  DATA  SHEET 

Transformer  Icenfi fication  fPWCAS-Oi.D>  C3~S-Nrrf 

Location  _ SLDG  A73 

Sire  _ 112.5  KVA 


Primary  Voltage 
Primary  Winding  Type 
Seconcary  Voltage 
Secondary  Winding  Type 
Percent  Impedance 
Primary  Switch 
Primary  Connection 
Secondary  Connections 

Secondary  Breaker 
Maximum  No-Load  Loss 
Maximum  Full -Load  Loss  • 


Replacement  of  existing  PCB  transformer. 
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This  wiTT  replace  existing  PC3  1500  KVA  transformer. 

Use  corrosion  resistant  external  packaging,  NEhlA  3R  minimum.  Also 
provide  ooticnal  cost  to  include  stainless  steel  rain  can. 

Include  cost  proposal  to  replace  these  switcnes  as  an  option. 
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S::e 

Pri.'Hcry  Vo'tsce 
Pri.nary  Winding  Type 
Secnncary  Voltage 
Secondary  Wincing  Type 
Percent  Ir.pedanca 
Prir.ary  Switcn 

Primary  Connection 
Secondary  Connections 

Secondary  Breaker 

Maximum  .No-Load  Loss 
Maximum  Full -Load  Loss 


FFL'SF  FXrSTlVS  SWr’CH 

600  A _ 

T^NSnON  FPQM  rxis-TNG  SWITCH 

PPOVIDF  INSTALL  NgW  CONNECTIONS 
TO  FXIS7ING  SWITCHGFAR  FXTFND  '= 
REQUIRED _ _ _ 

REUSE  EXISTING  SCO  a  SECDMDAR^ _ 

BREAKER  &ND  SWrCMGE^R _ 

determined  per  loss  EVam^^TCN  IN 

DETERMINED  PER  LOSS  EVPLL’ATICN  IN  RF^ 


Replacing  existing  500  KVA  PCS  transformer. 
No  diagram  provided. 


A-38 


•  Pw-^tijrOf\j  .JLK  bn  t  ^ 

■rar.sformer  Icenti ficaticn  f=uC2"-CL"^ 

•» 

Location 

BLDG 

Size 

Primary  Voltace 

12  <V 

Primary  Windinc  Type 

nci 

Secondary  Voltaoe 

Ago  V 

Secondary  Winding  Type 

y^B-GPOUNDDD 

Percent  Impedance 


Primary  Switch  pRQVTDS  ANC  INSTALL  NEW  15  KV  CL^SS 


PRIMARy  SWITCH  and  NEW  12  '<V  pEEDE 

0 

Primary  Connection 

TRANSITION  TO  NEW  SWITCH 

Secondary  Connections 

NPW  COPPER  BUS  CONNECTIONS  TO  NEW 

SWITCHGEAR 

Secondary  Breaker 

P  i  I  NEW  SWITCHGEAR.  SEE  SKETCH 

SPEAKER  AND  SWITCHGEAR 

Maximum  No-Load  Loss 

DETERMINED  PER  LOSS  EVALUATION  IN 

RPP 

Maximum  Full -Load  Loss 

DETERMINED  PER  LOSS  EVALUATION  IN 

RPP 

This  unit  is  replacing  an  existing  1000  KVA  PC3  filled  transformer. 
Supply  fans  to  ac.Meve  higher  rating. 
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TRANSFORMER  DATA  SHEET 

Transformer  Identification  IPWC2'"-OLD)  CC27B-NEW 


Location 

Size 

Primary  Voltage 
Primary  Winding  Type 
Secondary  Voltage 
Secondary  Winding  Type 
Percent  Impedance 
Primary  Switch 

Primary  Connection 
Secondary  Connections 

Secondary  Breaker 
Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


_ BLDG  378-1 _ 

_ 500  KVA  * _ 

_ 480  V _ 

_ DELTA _ 

_ 208  V _ 

_ WYE-GROUNDED _ 

_ SJS _ 

PROVIDE  AND  INSTALL  NEW  SWITCHGEAR 
SIL  SKETCH _ 

TRANSITION  FROM  NEW  SWITCHGEAR _ 

NEW  COPPER  BUS  CONNECTIONS  TO  EXISTING  ' 
SWITCHGEAR _ 

REUSE  EXISTING  SWITCHGEAR _ 

DETERMINED  PER  LOSS  EVALUATION  IN  RF? 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 


No  primary  voltage  taps  are  required  on  this  transformer  due  to  the  high 
current  level.  Note  requested  optional  price  for  addition  of  standard 
primary  voltage  taps  on  this  unit  in  the  pricing  schedule. 
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/()  (l/i  KLMOVLU  Afll)  lU  I'l  ACLD 


HLW  ONE-L.lNt  DIAOHAH 


■-^NSFCRMER  CATA  SHEET 


ransrcr^er  icenti ncaticn 


WC-i  =  -CLT>  CZ^T-niZ 


» 


Lccation 

s-:z2 

Primary  Voltage 
Primary  Winding  Type 
Secondary  Voltage 
Secondary  Winding  Type 
Percent  Impedance 
Primary  Switch 
Primary  Connection 
Secondary  Connections 

Secondary  Breaker 
Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


_ 15C0  kV- _ 

_ !2  <V _ _ 

rri  ■'i 

_ aeO/277  V _ 

_ W^E- GROUND ED _ 

_ LIS _ 

REINSTALL  EXISTING  PRIMARY  SWITCH 

CONNECT  EXISTING  SWITCH _ 

NEW  COPPER  BUS  CONNECTIONS  ’0 _ 

EXISTING  SWnCHGEAR  _ 

EXISTING  SWITCHGEAR _ 

DETERMINED  PER  LOSS  EVALUA~igN  IN  RFP 

DETERMINED  PER  LOSS  EVALUATTCN  IN  RF? 


*  The  existing  PC3  unit  is  already  missing  and  will  not  have  to  be 
handled  as  part  of  this  changeout. 

Note;  '  This  unit  will  be  installed  in  an  existing  station.  The  installer 
will  have  to  remove  an  existing  temporary  transformer  and  place  it 
aside  for  removal  by  others  prior  to  installing  the  new 
;ransfonner.  The  installer  will  also  have  to  reinstall  the  existing 
primary  switch,  which  was  disconnected  while  the  temporary 
transformer  was  installed.  The  existing  temporary  transformer  is  a 
27S0  KVA  unit  and  w  11  require  an  oversized  crane  to  lift  out  and 
set  on  the  ground.  This  unit  is  nonPC3  and  will  not  require 
additional  handling. 

No  diagram  provided. 
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TRANSFORMER  DATA  SHEET 


Transformer  Identification 


fPWCl-ZZO.l.Z-OLD^  CC:-220-NEV 


Location 

Size 

Primary  Voltage 
Primary  Winding  Type 
Secondary  Voltage 
Secondary  Winding  Type 
Percent  Impedance 
Primary  Switch 
Primary  Connection 

Secondary  Connections 

Secondary  Breaker 
Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


_ BLDG  379-3 _ 

_ 300  KVA _ 

_ 2.A/I2  KV  DUAL  ** 

_ DELTA _ 

_ 2a0  V _ 

_ WYE-GROUNDED _ 

_ U _ 

REUSE  EXISTING  PRIMARY  SWITCH  *** 

PROVIDE  NEW  CABLE  CONNECTIONS  TO 
EXISTING  SWITCH _ 

PROVIDE  NEW  CONDUIT  AND  CONDUCTORS  TO 
EXISTING  SWITCHGEAR _ 

REUSE  EXISTING  SWITCHGEAR _ 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 


This  new  three  phase  transformer  is  replacing  three  existing  167  KVA 
single  phase  PCB  transformers. 

Dual  voltage  primary  winding  is  an  option.  Regardless  of  whether 
the  OBtion  is  exercised,  the  2A00  VAC  primary  must  be  supplied.  If 
the  option  is  exercised  then  taps  shall  be  provided  for  the  higher 
rating  (12  KV). 

There  are  three  oil -fused  contactors  which  are  feeding  the 
transformer  to  be  removed.  It  is  believed  that  the  three  contactors 
are  PCB-contaminated,  and  they  should  not  be  disturbed. 
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TRANSFORMER  CATA  SHEET 


Transfcr-er  *C2n: 
Lccaiic' 


cation  !  -H'C : 


EE-NEW 


sir-';  1 


'T.E  '<VA 


Pr'iTiary  Vo'itace 
Primary  Winding  Type 
Secondary  Voltage 
Secondary  Winding  Type 
Percent  Impedance 
Primary  Switch 

Primary  Connection 
Secondary  Connections 
Secondary  Breaker 
Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


MOV 


_ ?og/:20  V _ 

_ _ W^--CRO'JNDED _ 

_ Mi _ 

Ponvpr  ANH  INS'^ALL  NEW  A80  V  BREAKER 
IN  NEW  switchgear.  SEE  SKETEHES  _ 

SF?  SKE~CHES _ _ _ _ 

TRANSTTipN  t^yiSTTNG  paNEL _ 

RFUSF  EXISTING _ 

nFTFRMINED  PER  LOSS  EVALUATION  IN  RFP 

nFTrpMTNtn  PER  LOSS  EVALIIA~ICN  IN  RFR 


*  This  unit  replaces  the  existing  112.5  KVA  PC3  transformer. 

**  This  transformer  will  be  'installed  on  a  mezzanine  located 

approximately  30  feet  AAF.  Extra  rigging  and  PCB  handling  efforts 
will  be  required. 
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TRANSFC^ER  DATA  SHEET 


Transformer  losnti  •■icat’icn 
Lccaticn 


.‘jn-j 


n  •'n  n**.  1 


Size 

Primarv  Voltage 
Primary  Wincing  Type 
Secondary  Voltage 
Secondary  Winding  Type 
Percent  Impedance 
Primary  Switch 

Primary  Connection 
Secondary  Connections 
Secondary  Breaker 
Maximum  No-Load  Loss 
Maximum  Full-Load  Loss 


_ 1 1?,;  <VA _ 

_ igO  V _ 

_ DEL'A _ 

_ ?AC  V _ 

_ WY^ _ 

_ _ 

PROVIDE  AND  INSTALL  NEW  450  V  gREAKEP 
IN  NEW  S'WITCHGE.^R.  see  SKETCHES. 

sj^jKncm _ 

TRftNSTTION  TQ  EXISTING  P&NEL _ 

REUSE  EXISTING  BREAKER _ 

DETERMINED  PEP  LOSS  EVALUATION  IN  RF? 
DETERMINED  PER  LOSS  EVALUATION  IN  RFP 


•* 


This  unit  is  replacing  the  existing  112.5  KVA  PC3 
This  transformer  will  be  installed  on  a  mezzanine 
approximately  30  feet  AFF.  Extra  rigging  and  PCS 
will  be  required. 


transformer, 

located 

handling  efforts 
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VENDCR  DATA  REQUIREMENT  LIST 


APPENDIX  3 


VENDOR  DATA  REQUIREMENTS  LIST 


i 

i 

Description 

* 

When 

Reaui red 

Copies 

Required 

No.  of 

Reference 

Paragrach 

- 1 

,  1 
Approval , 

Req'd.by; 

1 

1. 

Drawings,  s<etches,  schematics 
and  other  data  shall  be 
submitted  with  the  bid 
sufficient  for  evaluation  of 
contract  proposal . 

BC 

12 

NA 

R 

AB/DE  1 

j 

! 

2. 

Quality  Manual  and  Procedures 

BC 

12 

4.0 

R 

AB/DE 

3. 

Insoection  and  Test  Procedures 

BFR 

12 

3.2,  3.10 

I 

AB/DE 

4. 

Inspection  and  Test  Results 

PS 

12 

3.10 

R 

AB/DE 

c  _ 

Maintenance  manual  which 
includes  as  a  minimum: 
installation  instructions, 
operating  instructions, 
preventive  and  corrective 
maintenance  tasks,  the 
frequency  of  each  task,  the 
tools,  equipment,  and 
procedures  with  special 
emphasis  on  safety  precautions 
for  the  accomplishments  of 
each  task. 

PS 

12 

5.0 

I 
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6. 

Priced  scare  parts  list  and 
recommended  spares. 

PS 

12 

5.0 

I 
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7. 

Guaranteed  performance  data 
and  name  plate  data. 

PS 

12 

5.0 

I 
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a. 

As-built  shop  drawings  schema¬ 
tics  and  wiring  diagram. 

PS 

12 

5.0 

R 
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9 

Installation  schedule. 

PS 

12 

5.0 
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110. 

PC3  fluid  disposal  plan  and 
certification. 

PS 

12 

5.0 
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11. 

Soil!  Prevention,  Control,  and 
Countermeasures  Plan 

BFR 

12 

NA 

R 

AB/DE 

,12. 

Certification  for  Hazardous 
Waste  Handlers 

PS 

12 

NA 

R 

AB/DE 

*  BFR  -  Before  Fabrication  Release 

*  PS  ■  Prior  to  Shipment 

*•*  I  -  Information  Only 

DE  ■  Approval  By  Design  Engineer 


*  30  »  Before  contract  is  awarded 
*■* * *•*  R  »  Reouirsd 
**  AB  *  Aooroval  By  Buyer 
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CCNSTR'JCTICN  DETAILS 


LECTRICAL  GENERAL  PRCVISICNS 
PART  I  -  GENERAL 
DESCRIPTION  OF  WORK: 

Summary:  The  electrical  work  can  be  generally  summarized  in  the  following 
manner,  but  this  is  not  by  way  of  limitation: 

•  Obtain  permits  for  moving  hazardous  waste. 

•  Check  and  mark  phase  rotation  before  de-energizing  system. 

•  Have  PWC  personnel  de-energize  the  existing  transformers.  , 

•  Test  existing  transformer  for  no-load  losses.  Drain  the  PCB 
fluid  from  each  transformer  into  standard  DOT  approved  drums  and 
deliver  it  to  the  interim  hazardous  waste  storage  area  on  the 
base  as  designated  by  the  Resident  Engineer  (all  work  shall 
comply  with  OSHA  and  EPA  regulations). 

•  Purge  the  transformer  case  with  dry  nitrogen  and  seal. 

•  Deliver  the  existing  transformer  to  the  interim  hazardous  waste 
storage  area  on  the  base  (comply  with  OSHA  and  EPA  regulations). 

•  Provide  and  install  new  transformers. 

•  Connect  new  transformers  and  test. 

•  Request  PWC  personnel  to  energize  the  system. 

•  Verify  proper  operations  and  turn  the  operating  transformer  over 
to  EGiu  Idaho,  Inc.  for  remanding  to  PWC  San  Diego. 
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PART  :  -  VrSCELL-NECUS  AND  ANCILLARY  PRCDL'C’S 


GENERAL; 


Furnish  all  labor,  riiaterials,  eouipment,  and  apciiances  required  to  complete 
the  installation  of  the  complete  electrical  systems.  All  labor,  materials, 
service,  equipment,,  and  woricnanship  shall  conform  to  the  applicable  chapters 
of  the  NEC  (NFPA  70}  and  other  authorities  having  lawful  jurisdiction 
pertaining  to  the  work  required.  All  modifications  required  by  these  codes, 
rules,  regulations,  and  authorities  shall  be  made  by  the  Subcontractor 
without  additional  charge  to  the  Contractor. 

Underwriter's  Laboratories  (UL):  All  materials,  appliances,  equipment,  or 
devices  shall  conform  to  the  applicable  standards  of  UL  where  such  standards 
exist.  AIT  material,  appliances,  equipment,  or  devices  shall  be  listed 
and/or  labeled  by  UL  where  such  standards  exist. 

Completed  electrical  system  shall  conform  with  applicable  provisions  of  the 
Special  Conditions,  the  Technical  Specification,  and  the  attached  subcontract 
drawings. 

CONDITICN  OF  PRODUCTS: 

Except  as  otherwise:  indicated,  provide  new  electrical  products,  free  of 
defects  and  harmful  deterioration  at  the  time  of  installation.  Provide  each 
product  complete  with  trim,  accessories,  finish  guards,  safety  devices,  and 
similar  components  specified  or  recognized  as  integral  parts  of  the  product, 
or  required  by  governing  regulations. 

UNIFORMITY; 

Where  multiple  units  of  a  product  are  required  for  the  electrical  work, 
provide  identical  products  by  the  same  manufacturer  without  variations  except 
for  sizes  and  similar  variations  as  indicated. 
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cccrdinat:cn  of 


^CRK: 


General:  It  is  recognized  that  the  subcontract  cccur.ents  are  ci acraruir.ati c  in 
showing  certain  physical  relationships  tnat  o:ust  be  established  within  tne 
electrical  work  and  in  its  interface  with  other  work,  including  utilities  and 
mechanical  work,  and  that  sucn  establishment  is  the  exclusive  responsibility 
of  the  Subcontractor. 


Arrange  electrical  work  in  a  neat,  well 'Organized  manner  with  conduit  and 
similar  services  running  parallel  with  the  primary  lines  of  the  building 
construction  and  with  a  minimum  of  7  feet  overhead  clearance  where  possible. 

Locate  operating  and  control  equipment  properly  to  provide  easy  access  and 
arrange  entire  electrical  work  with  adequate  access  for  operation  and 
maintenance. 


RCSIOE.NT  ENGINEER: 

The  EGiG  Idaho  Resident  Engineer  will  ensure  that  tne  installation  complies 
with  drawings,  specifications,  and  witness  testing. 


TRANSFORMERS 

PART  1  -  GENERAL 


WORK  DESCRIPTION ; 

Provide  anc  install  transformers  of  sizes,  ratings,  and  types  as  shown  on  the 
referenced  data  sheets  and  engineering  specification. 
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MATERIALS: 


The  transformers  snail  be  as  sncwr,  cn  tne  attached  data  sheets 
installed  at  the  location  incicated  on  the  drawings. 


and  shall 


The  transformer  enclosure  shall  be  suitable  for  the  environment  that  the 
transformer  is  installed  in. 


PART  3  -  EXECUTION 


INSTALLATION: 

Install  transformers  as  indicated  on  the  drawings  and  in  accordance  with 
manufacturer's  written  instructions,  applicable  requirements  of  NEC  and -the 
NEC  Association's  "Standa-d  of  Installation,"  and  complying  with  recognized 
industry  practices  to  ens-re  that  products  serve  intended  functions. 

TESTING; 

Visually  inspect  to  determine  that  equipment  installation  conforms  to  NEC, 
these  specifications,  and  the  drawings  and  testing  as  described  under  the 
testing  section  of  the  specification. 

GROUNDING 

PART  I  -  GENERAL 


WORK  DESCRIPTION: 

Provide  and  install  grounding  on  all  transformer  cases  and  tie  into  the 
existing  grounding  system. 
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Groiincing  electrcce  wire  sna'il  be  a  Tiin-i^um  of  No.  2  A^’G  oara  stranded  coooer 
and  comply  with  NEC  Taole  25C-S4. 

Ground  grid  welds  shall  be  made  by  the  Thermit  process. 

PART  3  -  EXEC'JTIGN 
INSTALLATION: 

Install  a  complete  grounding  system  for  the  transformers  in  accordance  with 
applicable  requirements  of  NEC  and  complying  with  recognized  industry 
practices  to  ensure  that  products  serve  intended  functions  and  comply  wit-h 
requirements.  All  exposed  noncurrent-carrying  metallic  parts  of  electrical 
equipment,  conduits,  grounding  conductor  of  ncnmetallic  sheathed  cables,  and 
neutral  conductor  of  the  wiring  system  shall  be  grounded. 

Exothermic  Welds:  Exothermic  welds  shall  be  made  in  accordance  with  the 
manufacturer's  written  recommendations.  No  mechanical  connector  is  required 
at  exothermic  weldments. 

TESTING: 

Visually  inspect  to  determine  that  ground  installation  conforms  to  NEC,  these 
specifications,  and  the  crawings. 

CAELE,  WIRE,  CONNECTORS  AND  MISCELLANEOUS  DEVICES 

PART  1  -  GENERAL 


WORK  DESCRIPTION: 


Provide  and  install  conduit  systems,  cables,  wires,  a,;d  wiring  connecters  of 
sizes,  ratings,  materials,  and  types  as  shown  on  the  drawings. 
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WIRING  MATERIALS  5  KV  AND  15  KV  CLASS: 

A'i1  5  KV  and  15  KV  cable  snail  be  sh’elced  and  properly  teroiinated.  Cable 
shall  be  ERR  MV-90  shielded  cable  anc  shall  have  a  133%  insulation  level. 

HIGH  VOLTAGE  SPLICES: 

Splices  in  high  voltage  cables.  Splices  shall  be  suitable  for  continuous 
immersion  in  water  and  shall  be  made  only  in  accessible  locations  in 
manholes . 

Certification.  High  voltage  caole  splicer/terminator  certification  of 
competency  and  experience  shall  be  submitted  30  days  before  splices  or 
terminations  are  made  in  high  voltage  cables.  Splicer/terminator  experience 
during  the  past  3  years  shall  include  performance  in  splicing  and  terminating 
all  cables  of  the  type  and  classification  being  provided  under  this  contract. 

Kit  Methods.  High  voltage  splices  shall  be  made  using  a  "kit,"  which  shall 
be  the  product  of  one  manufacturer  and  shall  have  the  approval  in  writing  of 
the  manufacturer  of  the  cable  that  is  to  be  spliced.  The  Contractor  shall 
provide  for  continuous  submersion  in  water. 

Heat-Shrink  Method.  All  splices  for  600  volt  and  less  cables  shall  be  done 
by  the  heat-shrink  method.  Provide  heavy-wall  heat-shrinkable  splice  tubing 
rated  for  sealed  underground  connector  ''"terns.  Tubing  shall  be  available 
uncoated,  or  with  a  thermop' -Stic  adhes; .e-seal ant  that  adheres  to  PVC, 
neoprene,  polyolefin,  and  EPR  aluminum  or  steel. 

Splices  in  High  Voltage  Cables.  Splices  shall  be  suitable  for  continuous 
immersion  in  water  and  shall  be  made  only  in  accessible  locations  in 
manholes. 
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Cert '  f  •  ca:  i  cn  .  H'cr  vcltace  cable  scl  i  cer/terr.:  natcr  cart'.  *' cati  cn  cf 
ccrcetency  a.ic  excerience  ar.a'1  be  suCu.ittec  22  cays  before  so' ices  or 
ter~i nat i CCS  are  ~aca  in  h’gh  vc'itace  caoles.  Sol  i cer/'terni natcr  exoer'ence 
coring  t.ne  past  3  years  shall  induce  perfcr-ance  in  splicing  and  terminating 
cables  of  t.he  type  and  dassificaticn  being  provided  under  tnis  contract. 


Kit  Hethocs.  High  voltage  splices  shall  be  made  using  a  "kit,"  which  shall 
oe  the  product  cf  one  manufacturer  ana  snail  have  the  approval  in  writing  of 
the  manufacturer  of  the  cable  that  is  to  spliced.  The  contractor  shall 
provide  the  Contracting  Officer  or  Contractor's  Quality  Control 
representative  with  a  copy  of  the  manufacturer's  instructions  before  splicing 
is  started.  Splices  shall  be  made  only  in  manholes. 

Splices  in  Shielded  Cables.  Splices  in  shielded  cables  shall  include 
covering  the  spliced  area  with  metallic  tape,  or  like  material,  to  the 
original  cable  shield  and  connecting  it  to  tne  cable  on  each  side  of  the* 
slice.  Provide  a  No.  6  AWG  bare  copper  ground  connection  brought  out  in  a 
water  tight  manner  and  ground  to  a  3/4  inch  x  10  feet  ground  rod  as  part  of 
the  splice  installation.  Wire  shall  be  trained  to  the  sides  of  the  enclosure 
in  a  manner  to  avoid  interference  with  the  working  area. 

Phasing  and  Rotation.  Contractor  to  record  the  phasing  and  rotation  of  the 
existing  electrical  system  before  cable  splicing,  cable  removal,  termination, 
and/or  any  work  that  could  alter  the  phasing  and  rotation  of  the  system. 

After  completion  cf  the  work  and  before  connecting  any  load  to  the  system, 
the  contractor  snail  verify  that  the  phasing  and  rotation  is  as  it  exisied 
and  has  not  been  altered. 


WIRING  MATERIALS,  5G0  V  CLA.SS: 

Conductors  shall  be  stranded  for  all  sizes  of  wire  and  cable. 

Conductors  shall  be  copper  for  all  sizes. 

Wire  insulation  shall  be  type  THHN/THWN  for  all  500  volt  conductors  unless 
otherwise  noted. 
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Mir.iri'jn  size  of  power  conductors  snail  be  No.  12. 

Splices  for  5C0  Volt  Cables.  Splices  in  underground  systems  shall  be  made 
only  in  accessible  locations,  such  as  .manholes  and  handholes,  using  a 
comoressicn  connector  of  the  ccncuctor  and  by  insulating  and  water  proofing 
by  a  method  suitable  for  continuous  submersion  in  water. 

Heat-Shrink  Method.  All  splices  for  SCO  volt  and  less  cable  shall  be  done  by 
the  heat-shrink  method.  Provide  heavy-wall  heat-shrinkabl e  splice  tubing 
rated  for  sealea  underground  connector  systems.  Tubing  shall  be  available 
uncoated,  or  with  a  thermoplastic  adhesive-sealant  that  adheres  to  PVC, 
neoprene,  polyolefin,  and  EPR  aluminum  or  steel. 

CONNECTORS; 

Compression  and/or  lug  type  connectors,  such  as  “Burndy",  shall  be  used  for 
splicing  No,  6,  and  larger  600  volt  cable. 

High  Voltage  Cable  Terminations.  IEEE  48,  Class  2.  Except  as  otherwise 
indicated,  terminators  for  extruded  insulation  nonmetallic  jacketed  cables 
shall  be  porcelain  insulator  type.  Apply  terminator  to  single  conductor 
cables  or  to  each  conductor  of  multiple  conductor  cable  that  are  to  the 
weather.  Terminator  shall  not  exude  any  filler  compound  under  either  test  or 
service.  The  terminator  shall  consist  of  a  porcelain  insulator,  cable 
connector-hoodnut  assemble,  and  aerial  lug,  as  required,  metal  body  and 
supporting  bracket,  sealed  cable  entrance,  and  internal  stress  relief  device 
for  shielded  cable,  and  insulating  filler  compound  or  material. 

Terminator,  Modular,  Molded  Rubber  Type.  IEEE  48,  Class  2.  Provide 
terminator  as  specified  herein  for  terminating  single  conauctor,  or  the 
single  conductor  of  mul ti conductors,  solid  insulated,  nonmetallic  jacketed 
type  cables  for  service  voltage  up  to  35  KV  outdoor.  The  terminator  shall 
consist  of  a  stress  control,  ground  clamp,  nontracking  rubber  skirts. 
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eitrcw  Scaling  acasior  as  shewn  on  plans,  allowing 
shielding  to  be  externally  grounded  and  sealed, 
copoer  alloy  shall  not  be  used  in  contact  with  al 
parts  in  the  construction  and  installation  of  tne 


Provice  heat-shrinkaole 
the  metallic  caole 
Seoarate  parts  of  copper 
uminun  or  aluminum  alloy 
termi nator . 


Wire/Cevice  Identification;  All  cable  systems,  major  conduits,  and  devices 
shall  be  permanently  marked.  Conduits  shall  have  stainless  steel  tags  at 
every  60  feet  or  where  wall  or  building  penetrations  occur.  All  conductors 
shall  be  identified  with  seln-adhering  ciT  and  moisture  resistant  vinyl 
labels,  covered  with  clear  heat  shrink  tubing  or  white  heat  shrink  tubing 
with  black  typed  on  letters  with  nonsmearing  ink  as  manufactured  by  Brady, 
Ti3,  or  approved  equal.  Hand  lettered  labels  shall  not  be  used.  All 
conductors  shall  be  clearly  marked  with  the  proper  phase  identification. 


CONDUIT  SYSTEM: 


All  conduits  shall  be  RGS  or  IMC  with  exception  of  underground,  which  can  be 
PVC,  and  which  shall  be  3  feet  minimum  below  grade  and  encased  in  2  inches 
minimum  red  concrete.  AIT  bends  must  be  RGS  or  IMC.  Conduit  systems  shall 
be  completed  per  the  NEC. 

PAR'  3  -  EXECUTION 

INSTALLATION: 


General:  Install  electrical  cable,  wire,  and  connectors  as  indicated  on  the 
crawings,  in  accordance  with  the  manufacturer's  written  instructions, 
applicaole  requirements  of  NEC  and  NECA's  "Standard  of  Installation",  and  in 
accordance  with  recognized  industry  practices  to  ensure  products  serve 
intended  functions. 


Pull  conductors  together  where  more  than  one  is  being  installed  in  a  raceway. 
Do  not  exceed  the  conductor  manufacturer' s  recommended  pulling  tension  or  as 
specified  in  the  IFCS  Handbook..  Use  pulling  compound  or  lubricant,  where 
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necessary;  ccmcound  must  net  detericrate  conductor  cr  -instal  '  aticn.  "'ensicn 
snail  be  monitored  when  pulls  involve  more  than  iO  feet  or  when  3  or  more  rO 
degree  turns  are  in  the  system. 

Use  pulling  means  including  fish  taoe,  cable,  or  rope  which  cannot  damage 
raceway. 

Install  splices  and  taps  in  an  accessible  junction  box  that  has  mechanical 
strength  and  insulation  rating  equivalent-or-better  than  conductor. 

Use  splice  and  tape  connectors  that  are  compatible  with  conductor  material. 

TESTING: 

High  Potential:  After  installation  and  installing  stress  cones,  all  15  KV 
cable  shall  be  tested  at  twice  the  normal  operating  voltage  plus  1000  voJts. 
The  test  duration  shall  be  15  minutes  on  each  cable.  See  IEEE  standard 
400-1980  (IEEE  guide  for  making  high-direct-voltage  tests  on  power  cable 
systems  in  the  field). 

Meggering;  Before  terminating,  test  all  cable  or  wire  for  insulation 
resistance  with  500  volt  megger.  Any  wire  with  less  than  10  megohms  to 
ground  or  other  conductors  shall  be  replaced  before  p’^oceeding  with  the 
terminating.  List  conductors  tested  on  required  test  data  submittal  sheet. 

ELECTRICAL  CONTINUITY  AND  PHASE  ROTATION: 

After  conductor  connectors  are  installed  and  conauctors  are  labeled,  but 
before  termination  to  terminals  or  devices,  an  electrical  continuity  test 
shall  be  performed  on  each  conductor  using  a  battery  powered  buzzer 
ohnneter  to  determine  that  all  power,  control,  grounding,  and  other 
conductors  are  properly  installed  and  identified.  List  all  conductors  tested 
on  required  test  dat*.  submittal  sheets. 

After  initial  e.nerci.:;ng  of  the  transformer,  chc  or  proper  phase  rotation. 
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OUTLINE  SPILL  PREVENTION, 


CONTROL,  AND  COUNTERMEASURES  PLAN 
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SPILL  ^‘^EVEN^TCN  -PCUIPE'^ENt$ 


following  shall  be  performed  before  the  start  of  and  during  any 
emoval  from  a  licuid  cooled  transformer  (i.e.,  PC3  filled,  oil 
or  sil icone  filled) . 

A  layer  of  6  mil  polyethylene  sheeting  shall  be  placed  around  the 
transformer. 

If  drains  are  present,  measures  will  be  taken  to  eliminate  the 
potential  for  any  fluids  from  entering  the  drains.  This 
includes,  but  is  not  limited  to,  constructing  a  dike,  trenching 
around  the  drain,  and/cr  plugging  the  drain. 

Before  pumping  the  fluids,  all  hoses  shall  be  inspected  for  any 
holes,  cracks,  or  deterioration.  Fittings  shall  be  inspected  to 
ensure  a  proper  connection.  Any  gaskets  utilized  in  the  pumping 
operations  shall  be  inspected  for  integrity.  Approved  hoses, 
pumps,  and  gaskets  shall  be  used. 

Drip  pans  shall  be  placed  under  pumps  and  connections. 

Pumps  and  hoses  shall  be  positioned  so  as  to  minimize  any 
tripping  hazard. 

Personnel  will  monitor  the  pumping  operation  at  all  times. 

An  adeouate  supply  of  absorbent  materials  and  cleanup  equipment 
shall  be  readily  available  in  the  event  of  a  mishap. 
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This  -inc’uces  tne  renewing,  cut  not  liTited  tc; 


1.  Shovels 

2.  Brooms 

3.  wOT  drums:  I7E,  17H,  and  £5  gallon  recovery  crum 
i.  i^mple  supoly  of  rags 

5.  Vermiculite  (Soeedi-Ory) 

5.  Absorbent  booms  and/or  absorbent  pads 

7.  Assorted  corks,  plugs,  and  emergency  seals 

8.  Material  Safety  Data  Sheets  (MSDS). 


h.  All  safety  equipment  shall  be  inspected  before  use. 


CONTROL 


In  the  event  of  a  spill  or  leak,  the  following  procedure  shall  be 
implemented: 


a.  Stop  the  source  of  the  soill.  Below  is  a  list  of  probable  source 
of  spills  when  working  with  liquid  cooled  transformers,  and  the 
remedial  action  to  be  taken  to  eliminate  the  problem. 

Source  1.  Transformer 


1.  Location  of  leaks:  valves.  Remedial  action:  plug  valve 

to  reduce  or  stop  spill.  Pump  fluid  below  valve  and  replace 
faulty  valve. 

2.  Location  of  leak:  bushing.  Remedial  action:  Pump  fluid 

below  bushing  level.  Replace  gaskets,  or  if  necessary, 
replace  bushing. 
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3.  Location  of  leak;  tank  wail  or  radiator  pipe.  Remecial 
action:  pump  fluid  below  level  of  leak  and  eioher  eooxy  or 
weld  close  the  leak  source.  If  the  source  of  the  leak  is 
small,  a  vacuum  can  be  pulled  on  the  transformer  before 
applying  the  epoxy  sealant  r  welding.  Pulling  a  vacuum  on 
the  transformer  eliminates  the  need  for  any  pumping 
operations . 

4.  Location  of  leak:  tap  changer,  liquid  level  gauge,  or 
temperature  gauge.  Remedial  action:  remove  fluid  below 
level  and  replace  packing  material,  gaskets,  or  thread 
sealant  where  applicable. 

Source  2.  Pumps  or  Hoses 

Re.medial  action:  Stop  all  pumping  operations  and  place  apparatus  into  an 

adequate  container  to  capture  any  fluids. 

Source  3.  Drums 


Remedial  action:  In  the  event  that  the  drum  is  seeping  at  the  seams,  the 
fluid  shall  immediately  be  transferred  to  another  drum.  Should  a  drum 
rupture  or  become  punctured,  an  oversized  recovery  drum  will  be  used.  The 
recovery  drum  is  placed  over  the  top  of  the  leaking  drum.  Then,  the 
recovery 'drum  is  placed  upright,  containing  the  leaking  drum. 

b.  Stop  the  migration  of  any  spilled  fluid.  This  can  be  done  by 
placing  the  berm  around  perimeter  of  the  spill.  A  berm  can  be 
constructed  using  any  type  of  absorbent  material,  i.e., 
vermiculite  (Speedi -Dry) ,  sand,  rags,  absorbent  boom  or  pads. 

c.  Solidify  any  -’■ee  standing  ^luid. 
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d. 


Safety  crra’’el  s"d~'’  be  worn  when  dealing  wizn  spiTls  involving 
PCB  fluids. 


The  countermeasure  operations  are  the  cleanup  and  disposal  of  all 
contaminated  material  that  is  a  result  of  the  spill.  The  primary  goal  of 
all  cleanup  activity  is  to  maintain  a  safe  environment. 

a.  Cl eanuD 

1.  Fluids;  If  the  volume  of  fluids  is  great  enough  to  where 
solidification  is  impractical,  the  liquid  shall  be  pumped 
into  DOT  17E  drums.  These  drums  must  be  properly  labeled 
and  dated. 

2.  Solids:  Any  porous  solids  (soils,  asphalt,  wood,  paper, 
etc.)  contaminated  by  the  spill  shall  be  placed  into  DOT  17H 
(removal  head)  drums.  These  drums  must  be  properly  labeled 
and  dated. 

3.  Major  Spills:  In  the  event  that  the  spill  exceeds  the 
control  and  cleanup  capabilities  that  are  onsite,  an  outside 
contractor,  who  specializes  in  environmental  cleanup  and  has 
all  permits  and  licenses  required,  must  be  contacted.  This 
contractor  must  be  equipped  to  handle  various  types  of 
spills. 

"nai vs ’ s .  During  the  cleanup  operations,  sampling,  and  analysis 

must  be  performed.  The  analytical  data  are  needed  to  present  an 

accurate  picture  of  the  following; 

1.  The  extent  of  the  spill 

2.  The  effectiveness  of  the  cleanup  operations 

A-70 


"he  point  in  t'oe  when  the  envi'-cnment  has  been 
decontaminated. 


Disposal.  The  disposal  of  all  contaminated  materials  .UList  be  in 
accordance  with  the  apolicaole  EPA  regulations  (AO  CFR  761). 

All  work  will  be  inspected  by  the  EG&G  Idaho,  Inc. 
representative. 

Transportation  of  hazardous  waste  to  the  disposal  site  shall 
conform  to  40  CFR,  Part  263.  All  Federal,  state,  and  local 
permits  and  labeling  and  approvals  shall  be  completed  before  the 
shipment  of  waste  from  the  transformer  site. 
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1.0  GFNE=’aL 

Provide  and  install  switchgear  with  the  transfomer  as  referenced  in  the 
data  sheets.  The  switchgear  shall  consist  of  one  or  r.ore  enclosed 
vertical  sections  joined  together  to  farm  a,  rigid,  free  standing 
assembly.  The  construction  of  the  switchgear  shall  meet  the  requirements 
of  the  NEC. 

2.0  PRODUCTS 

600  Volt:  Switchgear  shall  be  suitable  for  operation  for  430  volt,  3 
phase,  3  wire,  60  Hertz  grounded,  service.. 

Vertical  Sections;  Vertical  sections  shall  support  the  horizontal  and 
vertical  buses,  covers,  and  doors,  and  shall  be  designed  to  allow  for  easy 
rearrangement  of  units.  Vertical  sections  shall  have  structural 
supporting  members  formed  of  a  minimum  of  13  gauge  hot-rolled  steel.  All 
finished  surfaces  shall  be  blearish-free.  Each  section  shall  be  90  inches 
high  and  shall  have  7  gauge  steel,  3  inches  high,  removable  lifting  angle 
and  two  1-1/2  inches  high  base  channels.  Complete  control  center  lineups 
shall  be  divided  into  shipping  splits  no  wider  than  approximately  60 
inches.  A  ''’^ting  angle  shall  be  provided  on  the  top  of  each  shipping 
split  and  s  .1  extend  the  entire  width  of  the  shipping  split.  Lifting 
angles  shall  be  designed  to  support  the  entire  weight  of  the  switchgear 
and  shall  have  access  points  or  liftingeyes  to  facilitate  handling.  Base 
channels  shall  be  provided  with  holes  to  permit  bolting  the  switchgear  to 
the  floor.  The  entire  assembly  shall  be  constructed  and  packaged  to 
withstand  all  stresses  induced  in  transit  and  during  installation. 
Switchgear  shall  be  designed  so  that  matching  vertical  sections  of  the 
same  current  rating  and  manufacture  can  be  added  later  at  either  end  of 
the  lineup  w-thout  use  of  tr^sition  sections  and  without  difficulty. 
Removable  end  closing  plates  sha.1T  be  provided  to  close  off  openings  on 
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the  end  of  the  lineup.  A  removable  top  plate  shall  be  provided  on  each 
vertical  section  and  shall  be  of  one  piece  construction  for  added 
convenience  in  cutting  conduit  holes.  The  design  shall  allow  use  of  the 
standard  conduit  entrance  area  without  signif-.cant  sag  or  deformation  of 
the  top  plate. 

Vertical  sections  shall  be  designed  to  accommodate  plug-on  units  in 
front-of-board  construction.  Vertical  sections  housing  plug-on  units 
shall  be  15  inches  deep. 

Vertical  sections  shall  be  provided  with  both  horizontal  and  vertical 
wireways.  Sufficient  clearances  shall  be  provided  in  the  horizontal 
wireway  so  that  no  restriction  is  encountered  in  running  wires  from  the 
vertical  to  horizontal  wireway.  Wireways  shall  be  in  accordance  with  the 
wireways  section  contained  in  this  document. 

Horizontal  Wirewavs:  Horizontal  wireways  shall  be  provided  in  the  top  and 
bottom  of  each  vertical  section  and  shall  be  arranged  to  provide  full 
length  continuity  throughout  the  entire  assembly.  The  top  horizontal 
wireway  shall  have  a  cross  sectional  area  of  not  less  than  20  square 
inches  with  openings  between  sections  of  not  less  than  11-1/2  square 
inches.  The  bottom  horizontal  wireway  shall  extend  through  the  length  and 
depth  of  the  11-1/2  square  inches  to  allow  for  full  length  continuity 
throughout  the  entire  assembly.  The  bottom  horizontal  wireway  height 
shall  be  not  less  than  9-1/4  inches.  Covers  for  all  wireways  shall  be 
equipped  with  captive  type  screws  to  prevent  loss  of  hardware  during 
installation.  All  wireways  shall  be  isolated  from  the  bus  bars. 

Vertical  Wi’“ewavs:  A  vertical  wire  trough  shall  be  located  on  the 
right-hand  side  of  each  vertical  section  and  shall  extend  from  the  top 
horizontal  wireway  to  the  bottom  of  the  available  unit  mounting  space. 

Each  vertical  wire  trough  shall  have  a  cross-sectional  area  of  not  less 
than  19  square  inches  and  shall  be  isolated  from  the  bus  bars  to  guard 
against  accidental  contact.  A  separately  hinged  door  having  captive  type 
screws  shall  cover  the  vertical  wire  trough  to  provide  easy  access  to 
control  wiring  without  disturbing  the  unit. 
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Reusaole  wire  ties,  shall  be  furnished  in  each  vertical  wire  trough  for  the 
purpose  of  grouping  and  securely  holding  wires  in  place  for  a  neat  and 
orderly  installation. 

Bus  Bars:  A  continuous  main  3-conductor  horizontal  bus  shall  be  provided 
over  the  full  length  of  the  switchgear.  When  necessary,  the  bus  shall  be 
split  to  allow  for  ease  in  moving;,  and  handling.  Splice  bars  will  be 
supplied  to  join  the  bus  whenever  a  split  has  been  made.  All  splice 
connections  shall  be  made  with  at  least  2  bolts.  Horizontal  busbars  shall 
be  mounted  edgewise  and  supported:  by  insulated  bus  supports.  Insulation 
shall  be  used  as  required  by  NEKA- standards  and  shall  be  dated  at  no  less 
than  600  VAC. 

For  distribution  of  power  from  the  main  horizontal  bus  to  each  unit 
compartment,  a  3-phase  vertical  bus  shall'  be  provided.  The  vertical  bus 
shall  be  firmly  bolted  to  the  horizontal  bus  for  permanent  contact. 

The  main  horizontal  and  vertical  buses  shall  be  made  of  copper  and  the 
entire  length  shall  be  electrolytically  tin  plated  to  provide  maximum 
protection  to  the  bus  bars  from  normal  or  adverse  atmospheric  conditions. 

The  main  horizontal  bus  rating  shall  be  a  minimum  300  amperes  continuous. 
Vertical  bus  rating  shall  be  a  minimun  of  300  amperes  for  adequate  current 
carrying  capacity.  Continuous  current  ratings  shall  be  in  accordance  with 
temperature  rise  specifications  set  forth  by  UL,  ANSI,  and  NEMA  standards. 

A  copper  ground  lug  shall  be  provided  in  each  incoming  line  vertical 
section  capable  of  accepting  No. 8  to  350  HCM  cable.  A  horizontal  (and 
vertical)  tin  plated  copper  ground  bus  shall  be  provided  in  each  section 
of  the  switchgear.  Horizontal  ground  bus  shall  run  continuously 
throughout  the  switchgear  except  where  splits  are  necessary  for  ease  of 
shipment  and  handling  in  which  case  splice  bars  shall  be  provided.  Ground 
bus  shall  be  tin  plated  copper.  Horizontal  ground  bus  shall  be  located  at 
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the  bottom  of  the  switchgear.  Vertical  ground  bus  snail  run  parallel  to 
the  power  distribution  bus  in  each  vertical  section.  Design  shall  be  such 
that  for  any  plug-cn  unit  the  ground  bus  stao  shall  make  contact  with  the 
ground  bus  before  the  power  bus  contact  is  made. 

Bus  Bar'*ie'^s:  Insulated  horizontal  and  vertical  bus  barriers  shall  be 
furnished  to  reduce  the  hazard  of  accidental  contact  with  the  bus. 

Barriers  shall  have  a  red  color  to  indicate  proximity  of  energized  buses. 
Vertical  bus  barriers  shall  have  interlocking  front  and  back  pieces  to 
give  added  protection  on  all  sides  and  shall  segregate  the  phases  to 
reduce  the  possibility  of  accidental  "flash  over."  Small,  separate 
openings  in  the  vertical  bus  barriers  shall  permit  unit  plug-on  contacts 
to  pass  through  and  engage  the  vertical  bus  bars.  Bottom  bus  covers  shall 
be  provided  below  the  vertical  bus  to  protect  the  ends  of  the  bus  from 
accidental  contact  with  fish  tapes  or  other  items  entering  from  the  bottom 
of  the  enclosure. 

Controls  and  Keters:  All  new  service  panels  shall  be  equipped  with  the 
following: 

kilowatt  Meters.  Type  II,  Class  3,  Style  B  and  shall  have  provisions  for 
pulse  inititation.  Kilowatt  meters  shall  be  flush  switchboard  type  as 
indicated  on  the  drawings  and  shall  be  totally  compatible  to  each 
particular  application.  Kilowatt  meters  shall  be  of  one  manufacturer, 
secondary  type. 

•  The  meters  shall  have  an  electronic  demand  register.  The 
register  shall  be  used  to  indicate  maximum  kilowatt  demand  as 
well  as  cumulative  basis.  It  shall  have  provisions  to  be 
programmed  to  calculate  demand  on  a  rolling  interval  basis. 

*  The  register  shall  be  of  modular  design.  The  electronic  module, 
containing  all  the  program  variables,  shall  be  able  to  be  easily 
removed  from  the  mechanical  register  for  programming,  maintenance 
and  trouble  shooting. 
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the  bottom  of  the  switchgear.  Vertical  ground  bus  snail  run  parallel  to 
the  power  distribution  bus  in  each  vertical  section.  Design  shall  be  such 
that  for  any  plug-cn  unit  the  ground  bus  stab  shall  make  contact  with  the 
ground  bus  before  the  power  bus  contact  is  .made. 

Bus  3ar»-'e’'s:  Insulated  horizontal  and  vertical  bus  barriers  shall  be 
furnished  to  reduce  the  hazard  of  accidental  contact  with  the  bus. 

Barriers  shall  have  a  red  color  to  indicate  proximity  of  energized  buses. 
Vertical  bus  barriers  shall  have  interlocking  front  and  back  pieces  to 
give  added  protection  on  all  sides  and  shall  segregate  the  phases  no 
reduce  the  possibility  of  accidental  "flash  over."  Small,  separate 
openings  in  the  vertical  bus  barriers  shall  permit  unit  plug-on  contacts 
to  pass  through  and  engage  the  vertical  bus  bars.  Bottom  bus  covers  shall 
be  provided  below  the  vertical  bus  to  protect  the  ends  of  the  bus  from 
accidental  contact  with  fish  tapes  or  other  items  entering  from  the  bottom 
of  the  enclosure. 

Controls  and  Meters:  All  new  service  panels  shall  be  equipped  with  the 
following: 

Kilowatt  Meters.  Type  II,  Class  3,  Style  B  and  shall  have  provisions  for 
pulse  inititation.  Kilowatt  meters  shall  be  flush  switchboard  type  as 
indicated  on  the  drawings  and  shall  be  totally  compatible  to  each 
particular  application.  Kilowatt  meters  shall  be  of  one  manufacturer, 
secondary  type. 

•  The  meters  shall  have  an  electronic  de.mand  register.  The 
register  shall  be  used  to  indicate  max-mum  kilowatt  demand  as 
well  as  cumulative  basis.  It  shall  have  provisions  to  be 
programmed  to  calculate  demand  on  a  rolling  interval  basis. 

•  The  register  shall  be  of  modular  design.  The  electronic  module, 
containing  all  the  program  variables,  shall  be  able  to  be  easily 
removed  from  the  mechanical  register  for  programming,  maintenance 
and  trouble  shooting. 
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All  electror>ic  r,odules  snail  be  prysically  identical  and 
interchangeable. 

A  frictionless  optical  assemoly,  T.OLnted  directly  to  the  meter 
frame,  generating  12  pulses  per  meter  disc  revolution  for  input 
to  the  electronic  register  shall  be  provided. 

Each  kilowatt  meter  shall  also  be  complete  with  a  5-dial 
mechanical  kilowatt  hour  register. 

Meters  shall  be  3  stator,  120  volt  for  use  on  a  wire  Y,  3*phase 
system. 

Meter  multiplier  shall  be  shown  on  the  face  plate  and  shall  be 
the  product  of  the  indicated  current  transformer  and  potential 
transformer  ratio. 

Draw  out  arrangement  for  meter  removal  incorporating 
automatically  short  circuit  current  transformer  circuits. 

Meter  covers  shall  be  polycarbonate  resin. 

Meter  detent  to  prevent  negative  registration  by  restricting  the 
backward  rotation  of  the  disk. 

The  normal  billing  data  scroll  shall  be  fully  programmable.  The 
following  items  shall  be  displayed  in  the  data  scroll: 

Kilowatt  hours 
Maximum  demand 

Cumulative  or  continuously  cumulative 
Number  of  demand  resets 
Time  remaining  in  interval 
End-of-interval  indication 
New  maximum  demand  indication 
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•  The  register  shaTl  incorporate  a  tuiU-in  test  riode  that  allows 
it  to  be  tested  without  the  need  for  any  special  tools  or  other 
accessories  and  saves  data  and  constants  oefore  start  of  the 
test.  The  following  quantities  shall  be  available  for  display  in 
the  test  mode: 

Tine  renaining  in  demand  interval 
Present  interval's  accumulating  demand 
Maximun  demand 

Number  of  impulses  being  received  by  the  register 

•  Pulse  initiator  with  programmable  ratio  selection. 

•  Battery  with  battery  port  for  quick  changes. 

•  Meters  shall  be  programmed  after  installation. 

•  Meters  shall  be  tested,  calibrated,  and  certified  after 
installation. 

•  Self-monitoring  to  provide  for  stored  data  check  sum  error,  ROM 
and  RAM  checksum  error,  battery  fault,  and  unprogrammed  register. 

•  ’  Liquid  C77stal  display,  9  digits,  blinking  squares  confirm 

register  operation..  Large  digits  for  data  and  smaller  digits  for 
display  identifier. 

•  Display  operations,  programmable  sequence  with  display 
identifiers.  Display  identifiers  shall  be  selectable  for  each 
item.  Continually  sequence  with  time  selectable  for  each  item. 

Ci*"tuit  Breakers:  Molded  e  circuit  breakers  shai'  be  furnished  in 
branch  feeder  units  using  u. rcuit  breakers  as  a  disconnect  means.  All 
circuit  breakers  will  have  a  push-to-trip  test  feature  for  testing  and 
exercising  the  trip  nechanisnr.  Breakers  shall  be  UL  listed  for  a  minimum 
of  22,000  amperes  RMS  symmetrical  fault  withstandaoil ity . 
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Main  breakers  (■iSO  volt  panels  only)  shall  be  equipced  with  auxiliary 
contacts  and  shunt  trip  coils.  Optional  electrical  operation  riechanisns 
shall  be  proposed  for  possible  use  if  funding  levels  are  acequate. 

Identi •^•cation :  A  control  center  identification  nameplate  with  factory 
identification  numoers  and  characteristics  shall  be  fastened  on  the 
vertical  wire  trough  door  of  every  section.  Each  unit  shall  have  its  own 
identification  nameplate  fastened  to  the  unit  saddle.  These  na.meplates 
shall  have  suitable  references  to  factory  records  for  efficient 
communication  with  supplier.  Each  unit  shall  also  have  an  engraved 
nameplate  fastened  to  the  outside  of  the  unit  door  for  ease  in 
identification  and  for  making  changes  when  regrouping  units.  Main 
breakers  (480  panels  only)  shall  be  equipped  with  auxiliary  monitoring 
contacts  and  shall  be  equipped  with  short  trip  controls.  Optional 
electrical  operations  shall  be  proposed  for  possible  use  if  funds  are 
adequate. 

Wiring;  The  switchgear  wiring  shall  be  NEMA  Class  II,  Type  B. 

As  defined  by  NEMA  Standard  ISC-2-322,  Class  II  switchgear  shall  include 
the  necessary  electrical  interlocking  and  interwiring  between  units. 

Type  B  wiring  shall  include  terminal  blocks  mounted  on  lift  out  brackets 
in  the  units. 

Terminal  blocks  shall  be  quick  separating  pull-apart  solderless  box  lug 
type  or  equal . 

fin-^sh:  All  metal  structural  and  unit  parts  shall  be  completely  painted 
using  an  electrodeposition  process  so  that  the  interior  and  exterior 
surfaces  as  well  as  bolted  Joints  have  a  complete  finish  coat  on  and 
between  them. 
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3 . C  ~ES~S 

3.1  Following  tests  shall  be  perfor'ned  and  rasults  recorded.  All  the 
equipment  tests  shall  be  performed  in  accorcance  w-*h  IEEE,  NEMA.  and  ANSI 
Stancards  where  such  stancards  are  definitive.  All  .est  cata  including  but 
not  limited  to  test  circuitry,  faulty  equipment,  and  remedial  action  will 
be  recorded,  certified,  correlated,  bound,  and  furnished  to  the  Owner. 

a.  Wiring  continuity  -  point  to  point  check  and  verification  with  the 
wiring  diagrams. 

b.  Wiring  insulation  -  check  to  ground  -  megger  at  600  volts, 

c.  Power  of  proper  amplitude  and  frequency  shall  be  applied  to  all  AC  and 
DC  circuitry.  Three-phase  potential  and  current  of  proper  frequency^ 
shall  be  applied  to  all  applicable  AC  connections. 

d.  Polarity  tests  of  all  AC  and  DC  circuitry.  Three-phase  power  and 
phase  angle  meter  shall  be  used  to  make  AC  polarity  test  on  power 
feeds  and  metering  circuits. 

e.  Functional  tests  shall  be  performed  on  all  equipment  to  indicate 
proper  operation  of  all  protection,  metering,  and  control  equipment. 
Power  circuit  breaker  simulators  shall  be  employed  for  the  primary  bus 
to  verify  proper  operation  of  all  equipment. 

f.  The  Owner  may  at  his  option  provide  specific  relay  and  metering  test 
forms  to  be  complied  with,  otherwise  the  Seller  shall  submit  2  copies 
of  Seller's  standard  test  forms  for  review  by  the  Engineer. 

g.  All  "as  left"  test  values  shall  be  recorded  and  shall  be  within 
manufacturer's  tolerances.  Manufacturer's  tolerances  shall  be 
indicated  on  the  test  forms. 
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n.  Tne  intent  of  the  acceptance  test  is  to  cetermine  tnat  tne  .teters  and 
relays  have  not  sustained  damaged  during  snipment  from  the 
manufacturer  and  that  the  meters  and  relay  calibrations  have  not  been 
disturoed.  If  tne  examination  or  test  indicates  tnat  re-adjustment  is 
necessary,  the  relay  shall  be  repaired  anc/cr  calibrated  as  per 
manufacturer's  instructions. 

The  Owner  and/or  Engineer  may  elect  to  visit  the  Seller's  facilities 
on  completion  of  fabrication  of  the  equipment  to  inspect  the  equipment  and 
witness  testing  as  outlined  in  Section  3.1. 
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SPECIFICATION 

FOR  THE  PURCHASE  AND  INSTALLATION  OF 
CAST  COIL  TRANSFORMERS  AT  THE 
SAN  DIEGO  NAVAL  FACILITY 

1.  SCOPE 

1.1  Scope.  This  specification  covers  the  design,  fabrication,  testing, 
installation,  and  inspection  of  cast  coil,  dry-type,  power  transformers  and  the 
removal  of  existing  polychlorinated  biphenyl  (PCB)  transformers,  handling  of 
PCB  fluid,  and  obtaining  the  permits  required  for  hauling  hazardous  waste.  The 
intent  is  to  make  a  turnkey  replacement  with  advanced  technology  transformers 
including  any  equipment  needed  to  replace  the  existing  transformers.  They  will 
be  used  to  provide  the  Navy  with  performance  data  on  these  advanced  technology 
devices. 

1.2  Applicability.  It  is  not  the  intent  to  specify  details  of  design  and 
construction  except  where  necessary  to  establish  performance  requirements,  nor 
is  it  intended  to  set  forth  those  performance  requirements,  which  are 
adequately  specified  in  applicable  standards. 

All  components  of  the  transformers  shall  be  new  and  function  in  a 
satisfactory  manner  within  their  rated  capacity  under  the  specified  service 
conditions  regardless  of  whether  all  necessary  specific  performance 
requirements  are  set  forth  herein  or  in  applicable  standards. 

2.  APPLICABLE  DOCUMENTS 

The  following  documents  form  a  part  of  this  specification  to  the  extent 
specified  herein.  The  issue  of  a  document  and  amendments  in  effect  on  the  date 
of  publication  of  this  specification  shall  apply. 
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2 . 1  American  National  Standard  Institute  (ANSH. 

ANSI-C57  12.01  General  Requirements  for  Dry-Type  Distribution  and 

Power  Transformers 

ANSI-C57  12.70  Terminal  Markings  and  Connections  for  Distribution  and 

Power  Transformers 

ANSI-C57  12.80  Terminology  for  Power  and  Distribution  Transformers 

ANSI-C57  12.91  Test  Code  for  Dry  Type  Distribution  and  Power 

Transformers 


ANSI-C57  12.94  Recommended  Practice  for  Installation  Application, 

Operation,  and  Maintenance  of  Dry-Type  General  Purpose 
Distribution  and  Power  Transformers 


ANSI-C57  12.96  Loading  Dry-Type  Distribution  and  Power  Transformers 

ANSI-C57  12.96  Guide  for  Transformer  Impulse  Tests 

C2-1989  National  Electrical  Safety  Code 

Z35.1  Specifications  for  Accident  Prevention  Signs 


NEMA  TRI-1974  Transformers,  Regulators,  and  Reactors 


2.3  National  Fire  Protection  Association  (NFPAl  Publication. 


NFPA  70  National  Electrical  Code 


A-88 


ES-51334 


2.4  Others. 

IEEE  400-1980  IEEE  Guide  for  Making  High  Direct  Voltage  Tests  on 

Power  Cable  Systems  in  the  Field 

NEESA  20.2  -  028a  PCB  Compliance,  Assessment,  and  Spill  Control  Guide 
OPNAVINST  5090.1  Environmental  and  Natural  Resources  Protection  Manual 
29  CFR  General  Industry  Safety  and  Health  Standards 

40  CFR  263  Standards  Applicable  to  Transporters  of  Hazardous  Waste 

40  CFR  761  Polychlorinated  Biphenyls  (1979) 

49  CFR  172  Hazardous  Materials  Tables  and  Communications  Standards 

49  CFR  173  General  Requirements  for  Shipping  and  Packaging 

California  CAC 
Title  22, 

Division  4  Environmental  Health 

PWC  San  Diego  Utility  Standards 

MIL-P-28641  Primer  Coating,  Vinyl  Chlorine  Acetate,  Copolymer,  High 

Build  (for  steel  and  masonry) 

MIL-Q-9858A  Quality  Program  Requirements 

3.  TECHNICAL  REQUIREMENTS 

3.1  General .  The  transformers  shall  have  low  loss  metal  cores  and  shall  be 
three  phase  three-winding,  self-cooled,  dead  front,  suitable  for  installation 
indoors  or  outdoors,  or  as  specified  in  the  attached  data  sheets  in 
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Appendix  A.  They  shall  have  primary  and  secondary  compartments  that  shall 
enclose  all  termination  devices  so  that  no  live  parts  are  exposed  when  the 
transformer  is  energized.  Unit  substation  transformer  installations  are  exempt 
from  the  dead  front  requirement.  The  transformer  and  installation  shall  meet 
all  applicable  requirements  of  the  ANSI,  ASTM,  NEC,  and  NEMA  publications  as 
specified  herein.  The  transformer  shall  be  of  new  construction.  The 
successful  bidder  shall  be  responsible  for  all  field  modifications, 
measurements,  provide  installation  and  checkout,  and  turn  the  transformer  over 
to  the  operations  department,  PWC  San  Diego,  through  the  EG&G  Idaho,  Inc. 
Resident  Engineer,  ready  for  operation. 

3.2  Electrical  Products.  All  materials,  a^'pliances,  equipment,  or  devices 
shall  conform  to  the  applicable  standards  of  the  Underwriter's  Laboratories, 
Inc.  (UL)  and  applicable  chapters  of  the  National  Electrical  Code  (NFPA  70), 
where  such  standards  exist.  All  materials,  appliances,  equipment,  or  devices 
shall  be  listed  and/or  labeled  by  UL,  where  such  standards  exist. 

3.3  Condition  of  Products.  Except  as  otherwise  indicated,  new  electrical 
products  free  of  defects  and  harmful  deterioration  shall  be  provided  at  the 
time  of  installation.  Each  product  provided  shall  be  complete  with  trim, 
accessories,  finish  guards,  safety  devices,  and  similar  components  specified  or 
recognized  as  integral  parts  of  the  product,  or  required  by  the  governing 
regulations. 

3.4  UnifoTitv.  Where  multiple  units  of  a  product  are  required  for  the 
electrical  work,  identical  products  shall  be  provided  by  the  same  certified  and 
approved  manufacturer  without  variations  except  for  sizes  and  specific 
variations  as  indicated. 

3.5  Test  Point  Observation.  The  successful  bidder  shall  supply  EGiG  Idaho 
with  a  flow  sheet  for  the  manufacture  of  each  transformer  indicating  all  test 
points.  The  successful  bidder  shall  notify  EGiG  Idaho,  in  writing,  of  the  date 
that  each  test  will  be  conducted  at  least  14  days  before  that  test  and  will 
admit  EG&G  Idaho  and  government  representatives  to  witness  the  tests. 
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3.6  Pe'^^o’^ance  Requirements.  Each  transformer  shall  comply  with  the 
following  performance  requirements  as  specified  in  ANSI-C57  12.00,  except  as 
noted  in  the  data  sheet  in  Appendix  A. 

Transformer  Rating  As  specified  in  Appendix  A. 

Auxiliary  Cooling  Forced  air  provisions,  fan  mounts,  and 

temperature  sensor  access  points  as  a  minimum 
shall  be  provided  for  future.  Refer  to  the 
data  sheets  in  Appendix  A  for  special 
instructions. 

Primary  Voltage  As  specified  in  Appendix  A.  Note  special 

dual  voltage  reauirements. 

Primary  Connection  As  specified  in  Appendix  A. 

Frequency  and  Phase  60  Hertz,  3  Phase 

Secondary  Voltage  As  specified  in  Appendix  A.  Note  special 

dual  voltage  requirements. 

Secondary  Connection  Wye  connection  with  neutral  to  be  brought  out 

through  an  insulated  bushing  with  external 
ground  strap. 

Temperature  Rise  80*C,  per  NEMA  TRI-1974 

Taps  *  No-Load  Minimum  of  five  full  capacity  high  voltage 

taps  (two  2  1/2%  taps  above  and  2  1/2%  taps 
below  normal  voltage  and  tap  position 
indicators) . 
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Insulation  Levels 
Primary  Voltage 


Secondary  Voltage 


Coil  Construction 


Impedance 


95  KV  BIL  for  Insulation  Class  15  KV  and  75 
KV  BIL  for  Insulation  Class  5  KV.  Based  on 
specific  voltage  ratings,  which  are  in  the 
data  sheets  in  Appendix  A. 

30  KV  BIL  for  Insulation  Class  600  V.  For 
specific  voltage  ratings,  see  the  data  sheets 
in  Appendix  A. 

HV  and  LV  windings  shall  be  cast  as  separate 
rigid  tubular  coils  and  arranged  coaxially. 
Transformers  300kVA  and  under  may  be 
constructed  using  approved  non-tubular 
connected  coils.  Each  cast  coil  shall  be 
fully  reinforced  with  fiberglass  cloth  and 
tape  (or  equivalent)  and  cast  under  vacuum  in 
a  mold  to  ensure  complete,  void-free  resin 
impregnation  throughout  the  entire  insulation 
system.  Coils  shall  be  supported  by  cast 
epoxy  bottom  supports  and  spacer  blocks  (or 
equivalent)  and  spring  loaded  top  blocks  (or 
equivalent)  and  have  no  rigid  mechanical 
connection.  Both  primary  and  secondary 
windings  shall  be  copper  or  approved  low  loss 
aluminum.  Approval  is  based  upon  showing 
optimal  loss  evaluation  cost  performance 
values. 

As  specified  in  the  data  sheets  in  Appendix  A 
with  the  following  guidelines: 

1.  The  minimum  allowable  impedance  for 
transformers  750  KVA  and  above  is  4.0 
percent. 

2.  The  minimum  allowable  impedance  for 
transformers  500  KVA  is  3.5  percent. 
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No-Load  Loss 


Load  Loss 


Sound  Level 
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3.  The  tolerarice  is  +/*  ^  1/2  %  except  for 
the  transformers  with  dual  rated  primaries 
which  shall  have  an  impedance  tolerance  of 
+/-  10  %. 

The  no-load  losses  (core  loss)  shall  be 
optimized  per  the  evaluation  formula  provided 
in  the  attached  bid  pacKage/Request  for 
Proposal  (RFP). 

The  load  losses  (winding  losses)  shall  be 
optimized  per  the  loss  evaluation  formula 
provided  in  the  attached  bid  package/RFP. 

Shall  not  exceed  noise  level  per  NEMA 
standards. 


Core  Material 
(General ) 


Core  Material 
(Amorphous) 


The  core  shall  be  assembled  with  low  loss, 
silicon  steel  sheets  and  shall  be  properly 
braced  and  assembled.  The  specific  type  of 
low  loss  silicon  steel  is  to  be  determined  by 
the  manufacturer  to  meet  the  lowest  total 
operating  costs  and  optimize  no-load  losses. 
However,  the  intent  of  this  replacement 
program  is  to  install  advanced  technolc 
transformers  wherever  it  is  economical! 
feasible.  The  use  of  amorphous  metal,  .ser 
etched  steel,  or  other  advanced  technology 
core  material  is  encouraged  in  order  to  meet 
low  operating  cost  criteria. 

This  section  only  applies  to  those  devices 
specified  with  an  amorphous  metal  core.  The 
transformer  shall  be  constructed  of  low  loss 
amorphous  metal  in  a  wound  or  stacked  cc  ? 
design  as  designated  in  the  RFP.  The 
complete  core  assembly  shall  be  fully 
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encapsulated  with  a  protective  coating  of 
approved  material  to  eliminate  sharp  edges 
and  prevent  flaking  particles  and  to  protect 
the  core  from  corrosive  products.  The 
no-load  loss  shall  be  less  than  45%  of  those 
for  comparable  silicon  steel  core  designs. 

It  is  known  that  wound  core  is  standard. 
However,  a  few  of  the  options  in  the  data 
sheets  specifically  require  that  stacked  core 
will  be  treated  as  a  research  project  to  get 
a  "new"  technology  unit.  The  other  amorphous 
core  devices  can  be  wound  (or  stacked)  at  the 
manufacturer's  discretion. 


3.7  Environmental  Conditions. 

Elevation  50  feet  above  sea  level 

Location  Indoor/outdoor  (See  Appendix  A.) 

Temperature  Range  0*C  to  40'C 

3.8  Accessories.  The  transformer  shall  have  the  following  accessories  as  a 
minimum.  The  accessories  shall  be  constructed  and  located  as  described  in 
ANSI-C57  12.00. 

•  Elbow  terminators,  fuses,  and  load  breaker  switches  as  called  out  in 
Section  3.6,  primary  connection  section,  and  per  individual  data 
sheets  in  Appendix  A. 

•  Dial  type  thermometer  with  alarm  contact  of  sufficient  capacity  to 
control  the  future  fan  contartor*  and  an  additional  contact  for  a 
future  utility  control  system.  Thermometer  shall  monitor  the  hottest 
secondary  coil  phases. 

•  Tap  changer  (de-energized  operation  only). 

•  Lifting,  moving,  and  jacking  provisions. 
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Stainless  steel/al uminum  nameplate  with  information  required  in 
ANSI-C57  12.00  on  the  transformer  exterior,  (note;  stainless  steel 
is  preferred) 


A 


Ground  pads. 

A  Junction  box  shall  be  located  on  the  transformer  nameplate  and 
contain  a  terminal  board  for  all  electrical  circuits  entering  or 
leaving  the  junction  box.  The  junction  box  shall  have  a  hinged  door 
with  a  gasket  and  a  handle  with  provisions  for  padlocking.  All 
electrical  circuits  from  components  mounted  within  the  transformer 
shall  run  to  this  terminal  board. 

An  optional  coil  surface  tempe’'ature  sensing  thermocouple  shall  be 
mounted  in  the  prevailing  transformer  thermal  hot  spot  for  each 
secondary  phase  coil.  As  a  minimum,  provisions  for  adding  a  future 
thermocouple  shall  be  provided  even  if  the  option  for  the  coil  surface  / 
temperature  sensing  thermocouple  is  not  added.  Each  thermocouple 
shall  be  installed  such  that  will  preclude  circulating  air 
influence.  These  three  thermocouples  will  provide  input  to  an 
electronic  temperature  monitor.  This  instrument  shall  respond  to  the 
hottest  phase  temperature  and  automatically  display  this  reading.  An 
analog  meter  shall  continuously  display  the  hottest  phase  temperature 
and  indicate  individual  phase  readings  or  the  maximum  temperature 
reached  over  a  period  of  time.  Light  emitting  diodes  are  not 
acceptable.  The  highest  temperature  shall  also  be  used  to  initiate 
alarm  and  trip  functions  and  is  stored  for  future  recall  until  the 
maximum  temperature  memory  is  cleared.  Fail  safe  alarm  relay  circuits 
automatically  actuate  if  supply  power  has  been  lost.  Maximum 
temperature  can  be  recalled  even  if  supply  power  has  been 
interrupted.  A  self-test  procedure  allows  set  points  to  be  determined 
and  their  operation  verified.  Alarm  and  trip  set  points  will  be 
tested  from  the  front  panel.  Open  thermocouple  circuits  are  detected 
and  indicated,  but  do  not  affect  instrument  operation.  Manual  control 
of  alarm  and  test  functions  shall  be  provided.  All  input  and  output 
connections  shall  be  made  to  the  terminal  blocks  on  the  back  of  the 
instrument.  The  set  points  of  this  thermal  device  shall  be 
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adjustable,  and  two  sets  of  alarm  and  trip  contacts  shall  be 
provided.  The  alarm  contacts  on  the  temperature  indicator  shall  be 
factory  wired  and  brought  out  to  the  terminal  blocks  on  the  exterior 
of  the  transformer  enclosure.  The  terminal  blocks  shall  be  mounted  in 
the  junction  box.  A  thermometer  with  a  remote  sensing  bulb  is  not 
acceptable.  The  thermocouple  shall  be  removable  without  disconnecting 
the  electrical  wiring.  The  temperature  monitor  system  shall  be 
graduated  in  degrees  centigrade  and  shall  be  tested  at  200*C 
before  installing  on  the  transformer.  The  thermally  operated  device 
shall  be  coordinated  with  the  transformer  design  and  shall  be 
connected  and  set  to  function  as  follows: 

-  First  stage  shall  be  adjustable  and  set  at  140*C  temperature 
at  which  the  substation  audible  bell  alarm  is  activated. 

-  Second  stage  shall  be  adjustable  and  set  at  155*C  temperature 
at  which  the  transformer  is  isolated  by  removing  the  electric 
load  and  tripping  all  the  power  circuit  breakers  via  the  circuit 
breakers'  shunt  trip  coils  (by  others  in  the  future). 

3.9  Enclosure  Construction.  The  enclosure  shall  be  constructed  of  heavy  gauge 
painted  sheet  steel.  All  ventilating  openings  shall  be  in  accordance  with  NEMA 
and  National  Electric  Code  standards  for  ventilated  enclosures.  The  base  shall 
be  constructed  of  structural  steel  members  to  permit  skidding  or  rolling  in  any 
direction.  Stainless  steel  enclosures  for  outdoor  transformers  are  not 
required,  but  optional  prices  for  stainless  enclosures  are  requested. 

The  core  shall  be  grounded  to  the  frame  in  accordance  with  applicable  NEMA 
and  ANSI  standards. 

3.10  Paint .  The  color  of  the  finished  transformer  shall  be  C37.20  Federal 
Standard  595  dark  forest  green  enamel. 

3.11  Miscellaneous  Requirements. 

3.11.1  Insulated  Phase  Barriers.  Primary  or  secondary  insulated  phase 
barriers  shall  be  provided. 
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3.11.2  Undercoatinq.  Transformers,  which  have  bases  that  come  in  contact 
with  concrete,  shall  have  the  underside  of  their  bases  coated  with  a  corrosion 
resistant  coating  that  conforms  to  Military  Specification  MIL-P-28641  (or  an 
equivalent)  with  a  minimum  thickness  of  4  mils. 

3.11.3  Warning  Signs.  In  accordance  with  ANSI  Z35.1,  warning  signs  shall 
be  provided  for  the  enclosures  of  electrical  transformers  having  a  nominal 
voltage  rating  of  500  volts  or  above. 

3.12  Provisions  for  Fan  Cooling.  The  transformer,  500  KVA  or  larger,  shall 
have  provisions  for  future  fan  cooling  (by  others).  As  a  minimum,  fan  mounting 
brackets  and  dial  thermometers  with  control  contacts  shall  be  provided. 

3.13  Testing.  The  following  tests  shall  be  performed  in  accordance  with  NEMA 
TRI,  ANSI-C57  12.91,  and  ASTM  Standards  as  listed  by  the  associated  tests.  All 
testing,  except  the  field  tests,  shall  be  done  at  the  factory,  and  the 
certified  results  shall  be  submitted  to  the  buyer  for  approval  before  shipment 
of  the  transformer.  Field  tests  shall  be  performed  unless  specifically  denied 
by  EG&G  Idaho  and  shall  also  have  certified  test  procedures  and  results  if 
opted  by  EG&G  Idaho.  All  testing  included  in  this  Specification  shall  be 
performed  and  -osts  must  be  included  in  the  transformer  purchase  price. 

The  purchaser  reserves  the  right  to  witness  any  or  all  tests,  and  the 
vendor  shall  notify  the  purchaser  14  days  in  advance  of  the  date  for  conducting 
any  test  (see  Section  3.5). 

Field  tests  shall  be  conducted  by  representatives  of  the  manufacturer  and 
shall  be  completed  after  the  transformer  has  been  set  in  place  and  before  the 
primary  and  secondary  connections  are  made.  These  tests  shall  be  as  described 
in  Section  3.13.2. 

The  tests  below  shall  be  made  on  each  transformer  as  a  minimum 
requirement.  The  order  of  listing  does  not  necessarily  indicate  the  sequence 
in  which  the  tests  shall  be  conducted. 
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3.13.1  Factory  Electric  Tests. 

1.  Coil  resistance  measurements  of  all  windings  on  the  rated  voltage 
connection  and  at  the  tap  extremes. 

2.  Turns  ratio  test  on  the  rated  voltage  connections. 

3.  Polarity  and  phase  relation  tests  on  the  rated  voltage  connection. 

4.  No-load  loss  at  rated  secondary  voltage  on  the  secondary  voltage 
connection. 

5.  Exciting  current  at  rated  voltage  on  the  rated  voltage  connection. 

6.  Impedance  and  load  loss  at  rated  current  on  the  rated  voltage 
connection  and  on  tap  extremes. 

7.  Temperature  rise  tests  under  conditions  specified  in  ANSI  Standards 
for  transformers  (typical  temperature  rise  of  the  "exact"  design  may 
be  substituted  with  written  approval). 

8.  Dielectric  test. 

9.  Applied  potential  test. 

10.  Induced  potential  test. 

11 .  Impulse  test. 


12.  Partial  discharge  test  (Note:  this  test  is  not  covered  by  ANSI-C57 
12.91),  test  at  1.5  times  the  rated  voltage  and  400  Hertz  (or  equal). 
If  partial  discharge  does  not  extinguish  by  110%  of  rated  voltage,  the 
transformer  shall  be  rejected.  Optional  standard  factory  test  methods 
must  be  approved  by  the  Resident  Engineer  before  they  can  be 
substituted  for  this  test. 


A-98 


ES-51334 


3.13.2  Field  Tests.  Field  tests  shall  be  performed  as  part  of 
installation.  Test  reports  shall  be  certified  for  methodology  and  accuracy. 

No-load  loss  as  measured  from  the  secondary  winding  at  ambient 
temperature  (ANSI-C57  12.9).  Record  both  ambient  and  top  oil 
temperatures.  Conduct  this  test  on  both  the  existing  transformers  to 
be  removed  and  the  new  transformers.  Record  ambient  temperatures  on 
the  test  reports. 

Insulation  power  factor  (Method  II  ANSI-C57  12.90,  Section  10.9)  Doble 
Test  or  equal.  (Insulation  power  factor  to  be  0.9  or  less.) 

Before  energizing  transformer,  test  transformer  turns  ratio  (TTR)  at 
all  tap  settings.  Megger  all  leads  before  connecting  them  to  the 
transformer  and  check  the  leads  for  grounds  using  a  VOM  before  any 
connections  are  made.  Any  lead  with  a  Megger  reading  of  less  than 
10  megohms  shall  be  replaced. 

4.  QUALITY  ASSURANCE  kROVISIONS 

Unless  otherwise  specified,  the  supplier  is  responsible  for  all 
examinations  and  inspections  as  specified  here!.'.  The  vendor  shall  maintain  a 
Quality  Assurance  Program  in  accordance  with  MIL-Q-9858A  or  an  approved  equal 
during  the  performance  of  the  contract,  which  provides  adequate  quality 
assurance  and  control  throughout  design,  fabrication,  testing,  inspection,  and 
shipping  of  the  transformer.  The  vendor  shall  provide  the  documents  describing 
the  Quality  Assurance  Program  and  containing  the  procedures  that  will  be 
invoked  to  comply  with  the  above.  An  Inst-:tion  and  Test  Procedure  shall  be 
prepared  and  submitted  to  the  buyer  for  at^'oval .  Final  inspection  and  test 
reports  as  required  by  this  Specification  shall  be  submitted  to  the  buyer  for 
approval.  The  vendor  shall  maintain  a  calibration  system  for  the  periodic 
calibration  of  test  instruments  to  standards  traceable  to  the  National  Bureau 
of  Standards. 

Vendor  data  shall  be  submitted  per  attcwoed  "Vendor  Data  Requirements  List" 
(see  Appendix  B) . 
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5.  PACKAGING 

The  transformer  shall  be  prepared  for  shipment  within  the  Continental 
United  States.  All  accessories  shall  be  protected  from  damage.  The 
transformer  shall  be  sealed  to  prevent  entry  of  moisture  or  foreign  materials 
during  shipment.  Documents  as  indicated  in  Appendix  B  shall  be  required. 
Shipping  is  the  responsibility  of  the  supplier  as  part  of  the  total 
installation  package. 


6.  SUBMITTALS 

Within  30  days  of  receipt  of  the  order,  the  vendor  shall  furnish  the 
purchaser  all  necessary  outline  drawings  and  weights  of  the  transformers. 

6.1  Shop  Drawings  and  Manufacturer's  Data.  Shop  drawings  for  transformers 
shall  indicate,  but  shall  not  be  limited  to,  the  following: 

Overall  dimensions,  front  view,  interfaces  with  existing  equipment, 
and  sectional  views. 

Ratings  and  sizes  of  lugs,  impedance,  taps,  and  fans. 

Manufacturer's  published  main  secondary  breaker  and  feeder  devices  at 
each  transformer  to  allow  designer  to  provide  settings,  which  will 
ensure  that  proper  protection  and  coordination  will  be  achieved. 

Complete  list  of  parts  and/or  supplies  with  current  unit  prices  and 
source  of  supply. 

6.2  Certified  Laboratory  Test  Data.  Certified  copies  of  reports  of  all  tests 
shall  be  submitted  as  required. 


6.2.1  Transformer  Tests.  Transformer  test  shall  be  performed  in 
accordance  with  the  ANSI-C57  12.91  for  dry-type  transformers  standard  test  code 
and  Section  3.13.  Certified  copies  of  test  data  for  the  tests  shall  be 
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submitted  and  shall  receive  approval  before  delivery  of  equipment  to  the 
pro.'“Ct  site.  Field  test  data  sheets  shall  be  submitted  within  14  days  after 
tes.  -ompletion. 


7.  DEMOLITION  AND  CONSTRUCTION 

7.1  Demolition  and  Construction  General  Requirements.  The  vendor  shall 
furnish  technical  personnel  to  be  present  at  the  site  to  perform,  as  a  minimum, 
the  following  tasks  (see  Appendix  C).  Permits  for  PCB  fluid  and  transformer 
casing  transport  shall  be  obtained  by  the  successful  bidder  before  removal. 

Note  that  OSHA  regulations  require  workers  handling  PCBs  to  be  properly  trained 
and  certified. 

Request  and  have  the  operating  Contractor  (PWC  personnel)  de-energize 
the  existing  transformers. 

Test  the  existing  transformers  for  no-load  loss,  record  data,  and 
submit  in  writing  to  the  Resident  Engineer. 

Drain  the  PCB  fluid  from  each  transformer  into  approved  drums,  seal, 
and  deliver  it  to  the  interim  hazardous  waste  storage  area  at  the 
base. 

Purge  the  transformer  case  with  dry  nitrogen  gas  and  seal. 

Remove  anc  Mver  the  transformers  to  the  interim  hazardous  waste 
storage  are,  at  the  be  e  as  designated  by  the  Resident  Engineer. 

Provide  and  install  new  transformers  and  test  per  Section  3.13.2. 

Request  PWC  personnel  to  energize  the  system. 

Verify  proper  operation  and  turn  the  operating  transformer  over  to 
EG&G  Idaho  for  remanding  to  PWC  San  Diego. 

The  EG&G  Idaho's  Resident  Engineer  shall  coordinate  all  outages  and  provide 
interface  between  the  successful  bidders,  installers,  and  the  operating 
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Contractor  (PWC).  PWC  Code  640  is  responsible  for  manifesting  all  PCB 
(hazardous  waste)  activity,  and  PWC  shall  be  contacted  though  the  EGiG  Idaho 
Resident  Engineer. 

7.2  Draining.  Service  shall  include  removal,  packaging,  and  transporting  [to 
a  Defense  Reutilization  and  Maintenance  Organization  (DRMO)  hazardous  waste 
staging  area]  of  the  PCB  or  PCB  contaminated  fluid  initially  drained  from  the 
transformers.  DRMO  waste  shall  be  clearly  labeled  with  the  contents,  level  of 
contamination,  its  source,  and  manifested  by  PWC  Code  640. 

The  Subcontractor  must  review  and  comply  with  the  minimum  Outline  Spill 
Prevention,  Control,  and  Countermeasures  (SPCC)  Plan  procedure  before  draining 
fluid  from  a  PCB  transformer  (see  Appendix  D).  Appendix  D  details  the  SPCC 
requirements  that  the  Subcontractor  must  observe. 

7.3  Transportation  and  Disposal.  All  hazardous  waste  material  shall,  as  a 
minimum,  be  contained  in  Department  of  Transportation  (DOT)  approved  containers 
from  point  of  removal  until  delivered  to  final  disposal  site.  The  following 
are  methods  of  handling  wastes  and  are  subject  to  the  requirements  of  40  CFR, 
Part  263  and  49  CFR,  Parts  172  and  173  and  shall  be  superseded  if  the 
regulations  are  amended. 

1.  Drums  shall  be  DOT  approved  for  hazardous  waste:  17E  for  fluids, 
17H  for  porous  solids,  and  17H  for  rags  and  solvent. 

2.  Bulk  containers  shall  be  six  sided,  welded  steel  construction, 
lined  with  a  minimum  of  10  mil  plastic  sheet,  and  watertight. 

The  container  shall  be  handled  by  a  truck  specially  fitted  to 
transport  the  container  from  generation  point  to  disposal  point. 
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APPENDIX  A 

TRANSFORMER  DATA  SHEETS 
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This  is  a  replacement  of  transformer  PWC  #69,  an  existing  500  KVA  3 
phase  480  V  PCB  transformer. 

Supply  fan  to  achieve  higher  rating. 

Dual  voltage  primary  winding  is  an  option.  Regardless  of  whether 
the  option  is  exercised,  the  2400  VAC  primary  must  be  supplied.  If 
the  option  is  exercised  then  taps  shall  be  provided  for  the  higher 
rating  (12  KV). 
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TRANSFORMER  DATA  SHEET 


Transformer  Identification  fPWC?C-0LD)  CE7C-NEW. 


Location 

Size 

Primary  Voltage 
Primary  Winding  Type 
Secondary  Voltage 
Secondary  Winding  Type 
Percent  Impedance 
Primary  Switch 
Primary  Connection 

Secondary  Connections 

Secondary  Breaker 
Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


_ BLDG  94 _ 

_ 300  KVA _ 

_ 480  V _ 

_ DELTA _ 

_ 208/120  V _ 

_ _ WYE-GROUNDED _ 

_ LO _ 

_ N/A _ 

NEW  FEED  FROM  NEW  SWITCHGEAR _ 

CL69J _ 

NEW  CABLE  AND  CONDUIT  CONNECTIONS  TO 
EXISTING  SWITCHGEAR  (2  olacesl _ 

EXISTING  BREAKER  PER  ATTACHED  SKE'I'CH 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 

DETERMINED  PER  LOSS  EVALUATION  IN  Rt'P 


Consolidation  replacement  of  existing  PCB  transformers  (#70  and 
#71).  See  sketches  SD  1,  2,  and  3  for  additional  information. 
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TRANSFORHER  DATA  SHEET 


Transformer  Identification 

Location 

Size 

Primary  Voltage 
Primary  Winding  Type 
Secondary  Voltage 
Secondary  Winding  Type 


(PWC16-0LDi  CC16-NEW _ Z 

_ BLDG  342 _ 

_ 112.5  KVA _ 

_ 2.4/12  KV  DUAL  *** 

_ DELTA _ 

_ 480/277  V _ 

_ WYE-GROUNDED _ 


Percent  Impedance 
Primary  Switch 
Primary  Connection 
Secondary  Connections 

Secondary  Bre.^er 
Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


_ L.0 _ 

NEW  3  POLE  15KV  50AF  FUSED _ 

TRANSITION  AND  CABLE  TO  NEW  SWITCH 

REUSE  EXISTING  —  SPLICE  TERMINATION 

FOR  CONNECTIONS  TO  EXISTING _ 

SWITCHGEAR _ 

REUSE  EXISTING  BREAKER  -NO  CHANGES 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 


Replacement  of  existing  112.5  KVA  PCB  transformer. 

Optionally  propose  and  construct  this  unit  with  an  amorphous  stacked 
core,  as  per  specification. 

Dual  voltage  primary  winding  is  an  option.  Regardless  of  whether 
the  option  is  exercised,  the  2400  VAC  primary  must  be  supplied.  If 
the  option  is  exercised  then  taps  shall  be  provided  for  the  higher 
rating  (12  KV). 
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TRANSFORMER  DATA  SHEET 


Transformer  Identification 

Location 

Size 

Primary  Voltage 
Primary  Winding  Type 
Secondary  Voltage 
Secondary  Wir. 'ing  Type 
Percent  Impedance 


fPWC48-0LD)  CC48-NEW 

_ BLDG  473 

_ 112.5  KVA 

_ 2.4,  KV 

_ DELTA _ 

_ 208/120 

_ WYE-GROUNDED 

_ LlO 


Primary  Switch 
Primary  Connection 
Secondary  Connections 

Secondary  Breaker 
Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


REUSE  EXISTING  SWITCH _ 

NEW  TRANSITION  TO  EXISTING  SWITCH 

PROVIDE  AND  INSTALL  NEW  SECONDARY 
TRANSITION  CUBICLE _ 

REUSE  EXISTING  SWITCHGEAR _ 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 


Replacement  of  existing  PCB  transformer. 
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This  win  replace  existing  PCB  1500  KVA  transformer. 

Use  corrosion  resistant  external  packaging,  NEMA  3R  minimum.  Also 
provide  optional  ccst  to  include  stainless  steel  rain  cap. 

Include  cost  proposal  to  replace  these  switches  as  an  option. 
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TRANSFORMER  DATA  SHEET 


Transfortner  Identification 

Location 

Size 

Primary  Voltage 
Primary  Winding  Type 
Secondary  Voltage 
Secondary  Winding  Type 
Percent  Impedance 
Primary  Switch 

Primary  Connection 
Secondary  Connections 

Secondary  Breaker 

Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


(PWC26-0LD1  CC26-NEW _ 

_ BLDG  378-6  OUTDOOR 

_ 500  KVA _ 


12  KV 


DELTA 
480/277  V 
WYE-GROUNDED 
5.75 _ 


REUSE  EXISTING  AIR  INTERRUPTER  SWITCH 
600  A _ 


TRANSITION  FROM  EXISTING  SWITCH 

PROVIDE  AND  INSTALL  NEW  CONNECTIONS 
TO  EXISTING  SWITCHGEAR  EXTEND  IF 
REQUIRED _ 

REUSE  EXISTING  800  A  SECONDARY _ 

BREAKER  AND  SWITCHGEAR _ 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 


Replacing  existing  500  KVA  PCB  transformer. 
No  diagram  provided. 
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TRANSFORMER  DATA  SHEET 

Transformer  Identification  fPWC27-OLD)  CC2TA-NFW 


Location 

Size 

Primary  Voltage 
Primary  Winding  Type 
Secondary  Voltage 
Secondary  Winding  Type 
Percent  Impedance 
Primary  Switch 


BLDG  378-1 _ 

7S0/100Q  KVA _ ^ 

12  KV _ 

DELTA _ _ 

4S0  V 


_ WYE-GROUNDED _ 

_ LI5 _ _ 

PROVIDE  AND  INSTALL  NEW  15  KV  CLASS 
PRIMARY  SWITCH  AND  NEW  12  KV  FFEDFR 


Primary  Connection 
Secondary  Connections 

Secondary  Breaker 

Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


TRANSITION  TO  NEW  SWITCH _ 

NEW  COPPER  BUS  CONNECTIONS  TO  NEW 
SWITCHGEAR _ 

P  &  I  NEW  SWITCHGEAR.  SEE  SKETCH 
BREAKER  AND  SWITCHGEAR _ 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 

DETERMINED  PER  LOSS  EVALUATION  IN  Rcp 


This  unit  is  replacing  an  existing  1000  KVA  PCB  filled  transformer. 
Supply  fans  to  achieve  higher  rating. 
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TRANSFORMER  DATA  SHEET 


Transformer  Identification 

Location 

Size 

Primary  Voltage 
Primary  Winding  Type 
Secondary  Voltage 
Secondary  Winding  Type 
Percent  Impedance 


fPWC49-OLD)  CC49-NFW 


BLDG  489-1 


1500  KVA 


12  KV 


.  Pli TA 


480/277  V 


WYE-GROUNDED 


5.75 


Primary  Switch 
Primary  Connection 
Secondary  Connections 

Secondary  Breaker 
Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


REINSTALL  EXISTING  PRIMARY  SWITCH 

CONNECT  EXISTING  SWITCH _ 

NEW  COPPER  BUS  CONNECTIONS  TO _ 

EXISTING  SWITCHGEAR _ 

EXISTING  SWITCHGEAR _ 

DETERMINED  PER  LOSS  EVALUATION  IN  REP 

DETERMINED  PER  LOSS  EVALUATION  IN  REP 


*  The  existing  PCB  unit  is  already  missing  and  will  not  have  to  be 
handled  as  part  of  this  changeout. 

Note:  This  unit  will  be  installed  in  an  existing  station.  The  installer 

will  have  to  remove  an  existing  temporary  transformer  and  place  it 
aside  for  removal  by  others  prior  to  installing  the  new 
transformer.  The  installer  will  also  have  to  reinstall  the  existing 
primary  switch,  which  was  disconnected  while  the  temporary 
transformer  was  installed.  The  existing  temporary  transformer  is  a 
3750  KVA  unit  and  will  require  an  oversized  crane  to  lift  out  and 
set  on  the  ground.  This  unit  is  nonPCB  and  will  not  require 
additional  handling. 

No  diagram  provided. 
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TRANSFORMER  DATA  SHEET 


Transformer  Identification 

Location 

Size 

Primary  Voltage 
Primary  Winding  Type 
Secondary  Voltage 
Secondary  Winding  Type 
Percent  Impedance 
Primary  Switch 
Primary  Connection 

Secondary  Connections 

Secondary  Breaker 
Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


fPWCI-220.I.2-OLDi  CC1-220-NEW  * 

_ BLDG  379-3 _ 

_ 300  KVA _ 

_ 2.4/12  KV  DUAL  ** 

_ DELTA _ 

_ 240  V _ 

_ WYE-GROUNDED _ 

_ 4J _ _ 

REUSE  EXISTING  PRIMARY  SWITCH  *** 

PROVIDE  NEW  CABLE  CONNECTIONS  TO 
EXISTING  SWITCH _  _ 

PROVIDE  NEW  CONDUIT  AND  CONDUCTORS  TO 
EXISTING  SWITCHGEAR _ 

REUSE  EXISTING  SWITCHGEAR _ 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 


A 


This  new  three  phase  transformer  is  replacing  three  existing  167  KVA 
single  phase  PCB  transformers. 

Dual  voltage  primary  winding  is  an  option.  Regardless  of  whether 
the  option  is  exercised,  the  2400  VAC  primary  must  be  supplied.  If 
the  option  is  exercised  then  taps  shall  be  provided  for  the  higher 
rating  (12  KV). 

There  are  three  oil -fused  contactors  which  are  feeding  the 
transformer  to  be  removed.  It  is  believed  that  the  three  contactors 
are  PCB-contaminated,  and  they  should  not  be  disturbed. 
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This  unit  replaces  the  existing  112.5  KVA  PCS  transformer. 

This  transformer  will  be  installed  on  a  mezzanine  located 
approximately  30  feet  AAF.  Extra  rigging  and  PCB  handling  efforts 
will  be  required. 


A-124 


'RANSFORMER  DATA  SHEET 


Transfonner  Identification 

Location 

Sire 

Primary  Voltage 
Primary  Winding  Type 
Secondary  Voltage 
Secondary  Winding  Type 
Percent  Impedance 


fPUCl-lE~-OLDi  C:: -".Et-NEW _ I 

_ E'.DG  333-1 _ ^ 

_ 112.5  KVA _ 

_ ASO  V _ 

_ DELTA _ 

_ 2A0  V _ 

_ WYE _ 

_ 4J _ 


Primary  Switch 

Primary  Connection 
Secondary  Connections 
Secondary  Breaker 
Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


PROVIDE  AND  INSTALL  NEW  480  V  BREAKER 
IN  NEW  SWITCHGEAR.  SEE  SKETCHES. 

SEE  SKETCHES _ 

TRANSITION  TO  EXISTING  PANEL _ 

REUSE  EXISTING  BREAKER _ 

DETERMINED  PER  LOSS  EVALUATION  IN  REP 

DETERMINED  PER  LOSS  EVALUATION  IN  REP 


This  unit  is  replacing  the  e.Nisting  112.5  KVA  PCB 
This  transfonner  will  be  installed  on  a  mezzanine 
approximately  30  feet  AFF.  Extra  rigging  and  PCB 
will  be  required. 


transfonner. 

located 

handling  efforts 
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VENDOR  DATA  REQUIREMENT  LIST 
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APPENDIX  B 


VENDOR  DATA  REQUIREMENTS  LIST 


Description 

* 

When 

Required 

Copies 

Required 

No. of 

Reference 

Paragraph 

*•* 

Approval 

Req'd.by 

1. 

Drawings,  sketches,  schematics 
and  other  data  shall  be 
submitted  with  the  bid 
sufficient  for  evaluation  of 
contract  proposal . 

BC 

12 

NA 

R 

AB/DE 

2. 

Quality  Manual  and  Procedures 

BC 

12 

4.0 

a 

3. 

Inspection  and  Test  Procedures 

BFR 

12 

3.2,  3.10 

Q 

AB/DE 

4. 

Inspection  and  Test  Results 

PS 

12 

3.10 

9 

AB/DE 

5. 

Maintenance  manual  which 
includes  as  a  minimum: 
installation  instructions, 
operating  instructions, 
preventive  and  corrective 
maintenance  tasks,  the 
frequency  of  each  task,  the 
tools,  equipment,  and 
procedures  with  special 
emphasis  on  safety  precautions 
for  the  accomplishments  of 
each  task. 

PS 

12 

5.0 

I 

AB/DE 

6. 

Priced  spare  parts  list  and 
recommended  spares. 

PS 

12 

5.0 

I 

AB/D 

7. 

Guaranteed  performance  data 
and  name  plate  data. 

PS 

12 

5.0 

1 

AB/DE 

7 

As-built  shop  drawings  schema¬ 
tics  and  wiring  diagram. 

PS 

12 

5.0 

R 

AB/DE 

9. 

Installation  schedule. 

PS 

12 

5.0 

AB/DE 

10. 

PCB  fluid  disposal  plan  and 
certification. 

PS 

12 

5.0 

AB/DE 

11. 

Spill  Prevention,  Control,  and 
Countermeasures  Plan 

BFR 

12 

NA 

R 

AB/DE 

12. 

Certification  for  Hazardous 
Waste  Handlers 

PS 

12 

NA 

R 

AB/DE 

*  BFR  «  Before  Fabrication  Release  *  BC  «  Before  contract  is  awarded 

*  PS  ■  Prior  to  Shipment  **  R  -  Required 

**  I  -  Information  Only  **  AB  -  Approval  By  Buyer 

**  DE  -  Approval  By  Design  Engineer 
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APPENDIX  C 

CONSTRUCTION  DETAILS 
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CONSTRUCTION  DETAILS 


ELECTRICAL  GENERAL  PROVISIONS 
PART  1  -  GENERAL 
DESCRIPTION  OF  WORK; 

Summary:  The  electrical  work  can  be  generally  summarized  in  the  following 
manner,  but  this  is  not  by  way  of  limitation: 

•  Obtain  pe-mits  for  moving  hazardous  waste. 

•  Check  and  mark  phase  rotation  before  de-energizing  system. 

•  Have  PWC  personnel  de-energize  the  existing  transformers. 

•  Test  existing  transformer  for  no-load  losses.  Drain  the  PCB 
fluid  from  each  transformer  into  standard  DOT  approved  drums  and 
deliver  it  to  the  interim  hazardous  waste  storage  area  on  the 
base  as  designated  by  the  Resident  Engineer  {all  work  shall 
comply  with  OSHA  and  EPA  regulations). 

•  Purge  the  t  'nsformer  case  w.th  dry  nitrogen  and  seal. 

•  Deliver  the  existing  transformer  to  the  interim  hazardous  waste 
storage  area  on  the  base  (comply  with  OSHA  and  EPA  regulations). 

•  Provide  and  install  new  transformers. 

•  Connect  new  transformers  and  test. 

•  Request  PWC  personnel  to  energize  the  system. 

•  Verify  proper  operations  and  turn  the  operating  transformer  over 
to  EGiG  Idaho,  Inc.  for  remanding  to  PWC  San  Diego. 
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PART  2  -  MISCELLANEOUS  AND  ANCILLARY  PRODUCTS 
GENERAL: 

Furnish  all  labor,  materials,  equipment,  and  appliances  required  to  complete 
the  installation  of  the  complete  electrical  systems.  All  labor,  materials, 
service,  equipment,  and  workmanship  shall  conform  to  the*  applicable  chapters 
of  the  NEC  (NFPA  70)  and  other  authorities  having  lawful  jurisdiction 
pertaining  to  the  work  required.  All  modifications  required  by  these  codes, 
rules,  regulations,  and  authorities  shall  be  made  by  the  Subcontractor 
without  additional  charge  to  the  Contractor. 

Underwriter's  Laboratories  (UL):  All  materials,  appliances,  equipment,  or 
devices  shall  conform  to  the  applicable  standards  of  UL  where  such  standards 
exist.  All  material,  appliances,  equipment,  or  devices  shall  be  listed 
and/or  labeled  by  UL  where  such  standards  exist. 

Completed  electrical  system  shall  conform  with  applicable  provisions  of  the 
Special  Conditions,  the  Technical  Specification,  and  the  attached  subcontract 
drawings. 

CONDITION  OF  PRODUCTS: 

Except  as  otherwise  indicated,  provide  new  electrical  products,  free  of 
defects  and  harmful  deterioration  at  the  time  of  installation.  Provide  each 
product  complete  with  trim,  accessories,  finish  guards,  safety  devices,  and 
similar  components  specified  or  recognized  as  integral  parts  of  the  product, 
or  required  by  governing  regulations. 

UNIFORMITY: 

Where  multiple  units  of  a  product  are  required  for  the  electrical  work, 
provide  identical  products  by  the  same  manufacturer  without  variations  except 
for  sizes  and  similar  variations  as  indicated. 


A-134 


ES-51334 


PART  3  -  EXECUTION; 

COORDINATION  OF  ELECTRICAL  WORK; 

General:  It  is  recognized  that  the  subcontract  documents  are  diagrammatic  in 
showing  certain  physical  relationships  that  must  be  established  within  the 
electrical  work  and  in  its  interface  with  other  work,  including  utilities  and 
mechanical  work,  and  that  such  establishment  is  the  exclusive  responsibility 
of  the  Subcontractor. 

Arrange  electrical  work  in  a  neat,  well -organized  manner  with  conduit  and 
sirnila"  services  running  parallel  with  the  primary  lines  of  the  building 
const  ,ction  and  with  a  minimum  of  7  feet  overhead  clearance  where  possible. 

Locate  operating  and  control  equipment  properly  to  provide  easy  access  and 
arrange  entire  electrical  work  with  adequate  access  for  operation  and 
maintenance. 

RESIDENT  ENGINEER: 

The  EGiG  Idaho  Resident  Engineer  will  ensure  that  the  installation  complies 
with  drawings,  specifications,  and  witness  testing. 

TRANSFORMERS 

PART  1  -  GENERAL 
WCPK  DESCRIPTION; 

Provide  and  install  transformers  of  sizes,  ratings,  and  types  as  shown  on  the 
referenced  data  sheets  and  engineering  specification. 
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PART  2  -  PRODUCTS 
MATERIALS: 

The  transformers  shall  be  as  shown  on  the  attached  data  sheets  and  shall  be 
installed  at  the  location  indicated  on  the  drawings. 

The  transformer  enclosure  shall  be  suitable  for  the  environment  that  the 
transformer  is  installed  in. 

PART  3  -  EXECUTION 

INSTALLATION: 

Install  transformers  as  indicated  on  the  drawings  and  in  accordance  with 
manufacturer's  written  instructions,  applicable  requirements  of  NEC  and  the 
NEC  Association's  "Standard  of  Installation,"  and  complying  with  recognized 
industry  practices  to  ensure  that  products  serve  intended  functions. 

TESTING: 

Visually  inspect  to  determine  that  equipment  installation  conforms  to  NEC, 
these  specifications,  and  the  drawings  and  testing  as  described  under  the 
testing  section  of  the  specification. 

GROUNDING 

PART  1  -  GENERAL 

WORK  DESCRIPTION: 

Provide  and  install  grounding  on  all  transformer  cases  and  tie  into  the 
existing  grounding  system. 
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PART  2  -  PRODUCTS 
MATERIALS: 

Grounding  electrode  wire  shall  be  a  minimum  of  No.  2  AWG  bare  stranded  copper 
and  comply  with  NEC  Table  250-94. 

Ground  grid  welds  shall  be  made  by  the  Thermit  process. 

PART  3  -  EXECUTION 
INSTALLATION; 

Install  a  complete  grounding  system  for  the  transformers  in  accordance  with 
applicable  requirements  of  NEC  and  complying  with  recognized  industry 
practices  to  ensure  that  products  serve  intended  functions  and  comply  with 
requirements.  All  exposed  noncurrent-carrying  metallic  parts  of  electrical 
equipment,  conduits,  grounding  conductor  of  nonmetallic  sheathed  cables,  and 
neutral  conductor  of  the  wiring  system  shall  be  grounded. 

Exothermic  Welds:  Exothermic  welds  shall  be  made  in  accordance  with  the 
manufacturer's  written  recommendations.  No  mechanical  connector  is  required 
at  exothermic  weldments. 

TESTING: 

Visually  inspect  to  determine  that  ground  installation  conforms  to  NEC,  these 
specifications,  and  the  drawings. 

CABLE,  WIRE,  CONNECTORS  AND  MISCELLANEOUS  DEVICES 

PART  1  -  GENERAL 

WORK  DESCRIPTION: 

Provide  and  install  conduit  systems,  cables,  wires,  and  wiring  connectors  of 
sizes,  ratings,  materials,  and  types  as  shown  on  the  drawings. 
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PART  2  -  PRODUCTS 

WIRING  MATERIALS  5  KV  AND  15  KV  CLASS: 

All  5  KV  and  15  KV  cable  shall  be  shielded  and  properly  terminated.  Cable 
shall  be  EPR  MV-90  shielded  cable  and  shall  have  a  123S  insulation  level. 

HIGH  VOLTAGE  SPLICES: 

Splices  in  high  voltage  cables.  Splices  shall  be  suitable  for  continuous 
immersion  in  water  and  shall  be  made  only  in  accessible  locations  in 
manholes. 

Certification.  High  voltage  cable  splicer/terminator  certification  of 
competency  and  experience  shall  be  submitted  30  days  before  splices  or 
terminations  are  made  in  high  voltage  cables.  Splicer/terminator  experience 
during  the  past  3  years  shall  include  performance  in  splicing  and  terminating 
all  cables  of  the  type  and  classification  being  provided  under  this  contract. 

Kit  Methods.  High  voltage  splices  shall  be  made  using  a  "kit,"  which  shall 
be  the  product  of  one  manufacturer  and  shall  have  the  approval  in  writing  of 
the  manufacturer  of  the  cable  that  is  to  be  spliced.  The  Contractor  shall 
provide  for  continuous  submersion  in  water. 

Heat-Shrink  Method.  All  splices  for  600  volt  and  less  cables  shall  be  done 
by  the  heat-shrink  method.  Provide  heavy-wall  heat-shrinkable  splice  tubing 
rated  for  sealed  underground  connector  systems.  Tubing  shall  be  available 
uncoated,  or  with  a  thermoplastic  adhesive-sealant  that  adheres  to  PVC, 
neoprene,  polyolefin,  and  EPR  aluminum  or  steel. 

Splices  in  High  Voltage  Cables.  Splices  shall  be  suitable  for  continuous 
immersion  in  water  and  shall  be  made  only  in  accessible  locations  in 
manholes. 
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Certification.  High  voltage  cable  splicer/terminator  certification  of 
competency  and  experience  shall  be  submitted  30  days  before  splices  or 
terminations  are  made  in  high  voltage  cables.  Splicer/terminator  experience 
during  the  past  3  years  shall  include  performance  in  splicing  and  terminating 
cables  of  the  type  and  classification  being  provided  under  this  contract. 

Kit  Methods.  High  voltage  splices  shall  be  made  using  a  "kit,"  which  shall 
be  the  product  of  one  manufacturer  and  shall  have  the  approval  in  writing  of 
the  manufacturer  of  the  cable  that  is  to  spliced.  The  contractor  shall 
provide  the  Contracting  Officer  or  Contractor's  Quality  Control 
representative  with  a  copy  of  the  manufacturer's  instructions  before  splicing 
is  started.  Splices  shall  be  made  only  in  manholes. 

Splices  in  Shielded  Cables.  Splices  in  shielded  cables  shall  include 
covering  the  spliced  area  with  metallic  tape,  or  like  material,  to  the 
original  cable  shield  and  connecting  it  to  the  cable  on  each  side  of  the 
slice.  Provide  a  No.  6  AWG  bare  copper  ground  connection  brought  out  in  a 
water  tight  manner  and  ground  to  a  3/4  inch  x  10  feet  ground  rod  as  part  of 
the  splice  installation.  Wire  shall  be  trained  to  the  sides  of  the  enclosure 
in  a  manner  to  avoid  interference  with  the  working  area. 

Phasing  and  Rotation.  Contractor  to  record  the  phasing  and  rotation  of  the 
existing  electrical  system  before  cable  splicing,  cable  removal,  termination, 
and/or  any  work  that  could  alter  the  phasing  and  rotation  of  the  system. 

After  completion  of  the  work  and  before  connecting  any  load  to  the  system, 
the  contractor  shall  verify  that  the  phasing  and  rotation  is  as  it  existed 
and  has  not  been  altered. 

WIRING  MATERIALS,  600  V  CLASS: 

Conductors  shall  be  stranded  for  all  sizes  of  wire  and  cable. 

Conductors  shall  be  copper  for  all  sizes. 

Wire  insulation  shall  be  type  THHN/THWN  for  all  600  volt  conductors  unless 
otherwise  noted. 

C-8 
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Minimum  size  of  power  conductors  shall  be  No.  12. 

Splices  for  600  Volt  Cables.  Splices  in  underground  systems  shall  be  made 
only  in  accessible  locations,  such  as  manholes  and  handholes,  using  a 
compression  connector  of  the  conductor  and  by  insulating  and  water  proofing 
by  a  method  suitable  for  continuous  submersion  in  water. 

Heat-Shrink  Method.  All  splices  for  600  volt  and  less  cable  shall  be  done  by 
the  heat-shrink  method.  Provide  heavy-wall  heat-shrinkable  splice  tubing 
rated  for  sealed  underground  connector  systems.  Tubing  shall  be  available 
uncoated,  or  with  a  thermoplastic  adhesive-sealant  that  adheres  to  PVC, 
neoprene,  polyolefin,  and  EPR  aluminum  or  steel. 

CONNECTORS: 

Compression  and/or  lug  type  connectors,  such  as  "Burndy",  shall  be  used  for 
splicing  No.  6,  and  larger  600  volt  cable. 

High  Voltage  Cable  Terminations.  IEEE  48,  Class  2.  Except  as  otherwise 
indicated,  terminators  for  extruded  insulation  nonmetallic  jacketed  cables 
shall  be  porcelain  insulator  type.  Apply  terminator  to  single  conductor 
cables  or  to  each  conductor  of  multiple  conductor  cable  that  are  to  the 
weather.  Terminator  shall  not  exude  any  filler  compound  under  either  test  or 
service.  The  terminator  shall  consist  of  a  porcelain  insulator,  cable 
connector-hoodnut  assemble,  and  aerial  lug,  as  required,  metal  body  and 
supporting  bracket,  sealed  cable  entrance,  and  internal  stress  relief  device 
for  shielded  cable,  and  insulating  filler  compound  or  material. 

Terminator,  Modular,  Molded  Rubber  Type.  IEEE  48,  Class  2.  Provide 
terminator  as  specified  herein  for  terminating  single  conductor,  or  the 
single  conductor  of  multiconductors,  solid  insulated,  nonmetallic  jacketed 
type  cables  for  service  voltage  up  to  35  KV  outdoor.  The  terminator  shall 
consist  of  a  stress  control,  ground  clamp,  nontracking  rubber  skirts. 
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crimp-on  connector,  rubber  cap,  and  aerial  lug.  Provide  heat-shrinkable 
elbow  sealing  adaptor  as  shown  on  plans,  allowing  the  metallic  cable 
shielding  to  be  externally  grounded  and  sealed.  Separate  parts  of  copper  or 
copper  alloy  shall  not  be  used  in  contact  with  aluminum  or  aluminum  alloy 
parts  in  the  I'onstruction  and  installation  of  the  terminator. 

Wire/Device  Identification;  All  cable  systems,  major  conduits,  and  devices 
shall  be  permanently  marked.  Conduits  shall  have  stainless  steel  tags  at 
every  60  feet  or  where  wall  or  building  penetrations  occur.  All  conductors 
shall  be  identified  with  self-adhering  oil  and  moisture  resistant  vinyl 
labels,  covered  with  clear  heat  shrink  tubing  or  white  heat  shrink  tubing 
with  black  typed  on  letters  with  nonsmearing  ink  as  manufactured  by  Brady, 
T&B,  or  approved  equal.  Hand  lettered  labels  shall  not  be  used.  All 
conductors  shall  be  clearly  marked  with  the  proper  phase  identification. 

CONDUIT  SYSTEM: 

All  conduits  shall  be  RGS  or  IMC  with  exception  of  underground,  which  can  be 
PVC,  and  which  shall  be  3  feet  minimum  below  grade  and  encased  in  2  inches 
minimum  red  concrete.  All  bends  must  be  RGS  or  IMC.  Conduit  systems  shall 
be  completed  per  the  NEC. 

PART  3  -  EXECUTION 

INSTALLATION; 

General:  Install  electrical  cable,  wire,  and  connectors  as  indicated  on  the 
drawings,  in  accordance  with  the  manufacturer's  written  instructions, 
applicable  requirements  of  NEC  and  NECA's  "Standard  of  Installation",  and  in 
accordance  with  recognized  industry  practices  to  ensure  products  serve 
intended  functions. 

Pull  conductors  together  where  more  than  one  is  being  installed  in  a  raceway. 
Do  not  exceed  the  conductor  manufacturer's  recommended  pulling  tension  or  as 
specified  in  the  IPCS  Handbook.  Use  pulling  compound  or  lubricant,  where 
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necessary;  compound  must  not  deteriorate  conductor  or  installation.  Tension 
shall  be  monitored  when  pulls  involve  more  than  40  feet  or  when  3  or  more  90 
degree  turns  are  in  the  system. 

Use  pulling  means  including  fish  tape,  cable,  or  rope  which  cannot  damage 
raceway. 

Install  splices  and  taps  in  an  accessible  junction  box  that  has  mechanical 
strength  and  insulation  rating  equivalent-or-better  than  conductor. 

Use  splice  and  tape  connectors  that  are  compatible  with  conductor  material. 

TESTING: 

High  Potential:  After  installation  and  installing  stress  cones,  all  15  KV 
cable  shall  be  tested  at  twice  the  normal  operating  voltage  plus  1000  volts. 
The  test  duration  shall  be  15  minutes  on  each  cable.  See  IEEE  standard 
400-1980  (IEEE  guide  for  making  high-direct-voltage  tests  on  power  cable 
systems  in  the  field). 

Meggering:  Before  terminating,  test  all  cable  or  wire  for  insulation 
resistance  with  500  volt  megger.  Any  wire  ’.ith  less  than  10  megohms  to 
ground  or  other  conductors  shall  be  replaced  before  proceeding  with  the 
terminating.  List  conductors  tested  on  required  test  data  submittal  sheet. 

ELECTRICAL  CONTINUITY  AND  PHASE  ROTATION: 

After  conductor  connectors  are  installed  and  conductors  are  labeled,  but 
before  termination  to  terminals  or  devices,  an  electrical  continuity  test 
shall  be  performed  on  each  conductor  using  a  battery  powered  buzzer  or 
ohmmeter  to  determine  that  all  power,  control,  grounding,  and  other 
conductors  are  properly  installed  and  identified.  List  all  conductors  tested 
on  required  test  data  submittal  sheets. 

After  initial  energizing  of  the  transformer,  check  for  proper  phase  rotation. 
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APPENDIX  D 

OUTLINE  SPILL  PREVENTION,  CONTROL,  AND  COUNTERMEASURES  PLAN 
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OUTLINE  SPILL  PREVENTION,  CONTROL,  AND  COUNTERMEASURES  PLAN 
MINIMUM  SPILL  PREVENTION  REQUIREMENTS 

The  following  shall  be  performed  before  the  start  of  and  during  any 
fluid  removal  from  a  liquid  cooled  transformer  (i.e.,  PCB  filled,  oil 
filled,  or  silicone  filled). 

a.  A  layer  of  6  mil  polyethylene  sheeting  shall  be  placed  around  the 
transformer. 

b.  If  drains  are  present,  measures  will  be  taken  to  eliminate  the 
potential  for  any  fluids  from  entering  the  drains.  This 
includes,  but  is  not  limited  to,  constructing  a  dike,  trenching 
around  the  drain,  and/or  plugging  the  drain. 

c.  Before  pumping  the  fluids,  all  hoses  shall  be  inspected  for  any 
holes,  cracks,  or  deterioration.  Fittings  shall  be  inspected  to 
ensure  a  proper  connection.  Any  gaskets  utilized  in  the  pumping 
operations  shall  be  inspected  for  integrity.  Approved  hoses, 
pumps,  and  gaskets  shall  be  used. 

d.  Drip  pans  shall  be  placed  under  pumps  and  connections. 

e.  Pumps  and  hoses  shall  be  positioned  so  as  to  minimize  any 
tripping  hazard. 

f.  Personnel  will  monitor  the  pumping  operation  at  all  times. 

g.  An  adequate  supply  of  absorbent  materials  and  cleanup  equipment 
shall  be  readily  available  in  the  event  of  a  mishap. 
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This  includes  the  following,  but  not  limited  to: 


1. 

Shovels 

2. 

Brooms 

3. 

DOT  drums:  17E,  17H,  and 

85  gallon  recovery 

4. 

Ample  supply  of  rags 

5. 

Vermiculite  (Speedi-Dry) 

6. 

Absorbent  booms  and/or  absorbent  pads 

7. 

Assorted  corks,  plugs,  and 

emergency  seals 

8. 

Material  Safety  Data  Sheets  (MSDS). 

All 

safety  equipment  shall  be  i 

nspected  before  use 

CONTROL 


In  the  event  of  a  spill  or  leak,  the  following  procedure  shall  be 
implemented: 

a.  Stop  the  source  of  the  soill.  Below  is  a  list  of  probable  source 
of  spills  when  working  with  liquid  cooled  transformers,  and  the 
remedial  action  to  be  taken  to  eliminate  the  problem. 

Source  I.  Transformer 


1.  Location  of  leaks:  valves.  Remedial  action:  plug  valve 

to  reduce  or  stop  spill.  Pump  fluid  below  valve  and  replace 
faulty  valve. 

2.  Location  of  leak:  bushing.  Remedial  action:  Pump  fluid 

below  bushing  level.  Replace  gaskets,  or  if  necessary, 
replace  bushing. 
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3.  Location  of  leak:  tank  wall  or  radiator  pipe.  Remedial 
action:  pump  fluid  below  level  of  leak  and  either  epoxy  or 
weld  close  the  leak  source.  If  the  source  of  the  leak  is 
small,  a  vacuum  can  be  pulled  on  the  transformer  before 
applying  the  epoxy  sealant  or  welding.  Pulling  a  vacuum  on 
the  transformer  eliminates  the  need  for  any  pumping 
operations. 

4.  Location  of  leak:  tap  changer,  liquid  level  gauge,  or 
temperature  gauge.  Remedial  action:  remove  fluid  below 
level  and  replace  packing  material,  gaskets,  or  thread 
sealant  where  applicable. 

Sou'^ce  2.  Pumps  or  Hoses 

Remedial  action:  Stop  all  pumping  operations  and  place  apparatus  into  an 
adequate  container  to  capture  any  fluids. 

Source  3.  □’•urns 

Remedial  action:  In  the  event  that  the  drum  is  seeping  at  the  seams,  the 
fluid  shall  immediately  be  transferred  to  another  drum.  Should  a  drum 
rupture  or  become  punctured,  an  oversized  recovery  drum  will  be  used.  The 
recovery  drum  is  placed  over  the  top  of  the  leaking  drum.  Then,  the 
recovery  drum  is  placed  upright,  containing  the  leaking  drum. 

b.  Stop  the  migration  pf  any  spilled  fluid.  This  can  be  done  by 
placing  the  berm  around  perimeter  of  the  spill.  A  berm  can  be 
constructed  using  any  type  of  absorbent  material,  i.e., 
vermiculite  (Speedi -Dry) ,  sand,  rags,  absorbent  boom  or  pads. 

c.  Solidify  any  free  standing  fluid. 
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d.  Safety  appa'^el  shall  be  worn  when  dealing  with  spills  involving 
PCB  fluids. 


COUNTERMEASURES 

The  countermeasure  operations  are  the  cleanup  and  disposal  of  all 
contaminated  material  that  is  a  result  of  the  spill.  The  primary  goal  of 
all  cleanup  activity  is  to  maintain  a  safe  environment. 

a.  Cleanup 

1.  Fluids:  If  the  volume  of  fluids  is  great  enough  to  where 
solidification  is  impractical,  the  liquid  shall  be  pumped 
into  DOT  17E  drums.  These  drums  must  be  properly  labeled 
and  dated. 

2.  Solids:  Any  porous  solids  (soils,  asphalt,  wood,  paper, 
etc.)  contaminated  by  the  spill  shall  be  placed  into  DOT  17H 
(removal  head)  drums.  These  drums  must  be  properly  labeled 
and  dated. 

3.  Major  Spills:  In  the  event  that  the  spill  exceeds  the 
control  and  cleanup  capabilities  that  are  onsite,  an  outside 
contractor,  who  specializes  in  environmental  cleanup  and  has 
all  permits  and  licenses  required,  must  be  contacted.  This 
contractor  must  be  equipped  to  handle  various  types  of 
spills. 

Analysis.  During  the  cleanup  operations,  sampling,  and  analysis 

must  be  performed.  The  analytical  data  are  needed  to  present  an 

accurate  picture  of  the  following: 

1.  The  extent  of  the  spill 

2.  The  effectiveness  of  the  cleanup  operations 
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3.  The  point  in  time  when  the  environment  has  been 
decontaminated. 

b.  Pi SDosal .  The  disposal  of  all  contaminated  materials  must  be  in 
accordance  with  the  applicable  EPA  regulations  (40  CFR  761). 

All  work  will  be  inspected  by  the  EGiG  Idaho,  Inc. 
representative. 

Transportation  of  hazardous  waste  to  the  disposal  site  shall 
conform  to  40  CFR,  Part  263.  All  Federal,  state,  and  local 
permits  and  labeling  and  approvals  shall  be  completed  before  the 
shipment  of  waste  from  the  transformer  site. 
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SWITCHGEAR  SPECIFICATION 


1.0  GENERAL 

Provide  and  install  switchgear  with  the  transformer  as  referenced  in  the 
data  sheets.  The  switchgear  shall  consist  of  one  or  more  enclosed 
vertical  sections  joined  together  to  form  a  rigid,  free  standing 
assembly.  The  construction  of  the  switchgear  shall  meet  the  requirements 
of  the  NEC. 

2.0  PRODUCTS 

600  Volt:  Switchgear  shall  be  suitable  for  operation  for  480  volt,  3 
phase,  3  wire,  60  Hertz  grounded  service. 

Vertical  Sections:  Vertical  sections  shall  support  the  horizontal  and 
vertical  buses,  covers,  and  doors,  and  shall  be  designed  to  allow  for  easy 
rearrangement  of  units.  Vertical  sections  shall  have  structural 
supporting  members  formed  of  a  minimum  of  13  gauge  hot-rolled  steel.  All 
finished  surfaces  shall  be  blemish-free.  Each  section  shall  be  90  inches 
high  and  shall  have  7  gauge  steel,  3  inches  high,  removable  lifting  angle 
and  two  1-1/2  inches  high  base  channels.  Complete  control  center  lineups 
shall  be  divided  into  shipping  splits  no  wider  than  approximately  60 
inches.  A  lifting  angle  shall  be  provided  on  the  top  of  each  shipping 
split  and  shall  extend  the  entire  width  of  the  shipping  r.plit.  Lifting 
angles  shall  be  designed  to  support  the  entire  weight  of  the  switchgear 
and  shall  have  access  points  or  lifting  eyes  to  facilitate  handling.  Base 
channels  shall  be  provided  with  holes  to  permit  bolting  the  switchgear  to 
the  floor.  The  entire  assembly  shall  be  constructed  and  packaged  to 
withstand  all  stresses  induced  in  transit  and  during  installation. 
Switchgear  shall  be  designed  so  that  matching  vertical  sections  of  the 
same  current  rating  and  manufacture  can  be  added  later  at  either  end  of 
the  lineup  without  use  of  transition  sections  and  without  difficulty. 
Removable  end  closing  plates  shall  be  provided  to  close  off  openings  on 
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the  end  of  the  lineup.  A  removable  top  plate  shall  be  provided  on  each 
vertical  section  and  shall  be  of  one  piece  construction  for  added 
convenience  in  cutting  conduit  holes.  The  design  shall  allow  use  of  the 
standard  conduit  entrance  area  without  significant  sag  or  deformation  of 
the  top  plate. 

Vertical  sections  shall  be  designed  to  accommodate  plug-on  units  in 
front-of-board  construction.  Vertical  sections  housing  plug-on  units 
shall  be  15  inches  deep. 

Vertical  sections  shall  be  provided  with  both  horizontal  and  vertical 
wireways.  Sufficient  clearances  shall  be  provided  in  the  horizontal 
wireway  so  that  no  restriction  is  encountered  in  running  wires  from  the 
vertical  to  horizontal  wireway.  Wireways  shall  be  in  accordance  with  the 
wireways  section  contained  in  this  document. 

Horizontal  Wirewavs:  Horizontal  wireways  shall  be  provided  in  the  top  and 
bottom  of  each  vertical  section  and  shall  be  arranged  to  provide  full 
length  continuity  throughout  the  entire  assembly.  The  top  horizontal 
wireway  shall  have  a  cross  sectional  area  of  not  less  than  20  square 
inches  with  openings  between  sections  of  not  less  than  11-1/2  square 
inches.  The  bottom  horizontal  wireway  shall  extend  through  the  length  and 
depth  of  the  11-1/2  square  inches  to  allow  for  full  length  continuity 
throughout  the  entire  assembly.  The  bottom  horizontal  wireway  height 
shall  be  not  less  than  9-1/4  inches.  Covers  for  all  wireways  shall  be 
equipped  with  captive  type  screws  to  prevent  loss  of  hardware  during 
installation.  All  wireways  shall  be  isolated  from  the  bus  bars. 

Ve’^tical  Wirewavs:  A  vertical  wire  trough  shall  be  located  on  the 
right-hand  side  of  each  vertical  section  and  shall  extend  from  the  top 
horizontal  wireway  to  the  bottom  of  the  available  unit  mounting  space. 

Each  vertical  wire  trough  shall  have  a  cross-sectional  area  of  not  less 
than  19  square  inches  and  shall  be  isolated  from  the  bus  bars  to  guarc 
against  accidental  contact.  A  separately  hinged  door  having  captive  type 
screws  shall  cover  the  vertical  wire  trough  to  provide  easy  access  to 
control  wiring  without  disturbing  the  unit. 
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Reusable  wire  ties  shall  be  furnished  in  each  vertical  wire  trough  for  the 
purpose  of  grouping  and  securely  holding  wires  in  place  for  a  neat  and 
orderly  installation. 

Bus  Bars:  A  continuous  main  3'Conductor  horizontal  bus  shall  be  provided 
over  the  full  length  of  the  switchgear.  When  necessary,  the  bus  shall  be 
split  to  allow  for  ease  in  moving  and  handling.  Splice  bars  will  be 
supplied  to  join  the  bus  whenever  a  split  has  been  made.  All  splice 
connections  shall  be  made  with  at  least  2  bolts.  Horizontal  busbars  shall 
be  mounted  edgewise  and  supported  by  insulated  bus  supports.  Insulation 
shall  be  used  as  required  by  NEMA  standards  and  shall  be  dated  at  no  less 
than  600  VAC. 

For  distribution  of  power  from  the  main  horizontal  bus  to  each  unit 
compartment,  a  3-phase  vertical  bus  shall  be  provided.  The  vertical  bus 
shall  be  firmly  bolted  to  the  horizontal  bus  for  permanent  contact. 

The  main  horizontal  and  vertical  buses  shall  be  made  of  copper  and  the 
entire  length  shall  be  electrolytically  tin  plated  to  provide  maximum 
protection  to  the  bus  bars  from  normal  or  adverse  atmospheric  conditions. 

The  main  horizontal  bus  rating  shall  be  a  minimum  800  amperes  continuous. 
Vertical  bus  rating  shall  be  a  minimum  of  300  amperes  for  adequate  current 
carrying  capacity.  Continuous  current  ratings  shall  be  in  accordance  with 
temperature  rise  specifications  set  forth  by  UL,  ANSI,  and  NEMA  standards. 

A  copper  ground  lug  shall  be  provided  in  each  incoming  line  vertical 
section  capable  of  accepting  No. 8  to  350  MCM  cable.  A  horizontal  (and 
vertical)  tin  plated  copper  ground  bus  shall  be  provided  in  each  section 
of  the  switchgear.  Horizontal  ground  bus  shall  run  continuously 
throughout  the  switchgear  except  where  splits  are  necessary  for  ease  of 
shipment  and  handling  in  which  case  splice  bars  shall  be  provided.  Ground 
bus  shall  be  tin  plated  copper.  Horizontal  ground  bus  shall  be  located  at 
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the  bottom  of  the  switchgear.  Vertical  ground  bus  shall  run  parallel  to 
the  power  distribution  bus  in  each  vertical  section.  Design  shall  be  such 
that  for  any  plug-on  unit  the  ground  bus  stab  shall  make  contact  with  the 
ground  bus  before  the  power  bus  contact  is  made. 

Bus  Bar^ie^s:  Insulated  horizontal  and  vertical  bus  barriers  shall  be 
furnished  to  reduce  the  hazard  of  accidental  contact  with  the  bus. 

Barriers  shall  have  a  red  color  to  indicate  proximity  of  energized  buses. 
Vertical  bus  barriers  shall  have  interlocking  front  and  back  pieces  to 
give  added  protection  on  all  sides  and  shall  segregate  the  phases  to 
reduce  the  possibility  of  accidental  "flash  over."  Small,  separate 
openings  in  the  vertical  bus  barriers  shall  permit  unit  plug-on  contacts 
to  pass  through  and  engage  the  vertical  bus  bars.  Bottom  bus  covers  shall 
be  provided  below  the  vertical  bus  to  protect  the  ends  of  the  bus  from 
accidental  contact  with  fish  tapes  or  other  items  entering  from  the  bottom 
of  the  enclosure. 

Controls  and  Meters:  All  new  service  panels  shall  be  equipped  with  the 
following: 

Kilowatt  Meters.  Type  II,  Class  3,  Style  B  and  shall  have  provisions  for 
pulse  inititation.  Kilowatt  meters  shall  be  flush  switchboard  type  as 
indicated  on  the  drawings  and  shall  be  totally  compatible  to  each 
particular  application.  Kilowatt  meters  shall  be  of  one  manufacturer, 
secondary  type. 

•  The  meters  shall  have  an  electronic  demand  register.  The 
register  shall  be  used  to  indicate  maximum  kilowatt  demand  as 
well  as  cumulative  basis.  It  shall  have  provisions  to  be 
programmed  to  calculate  demand  on  a  rolling  interval  basis. 

•  The  register  shall  be  of  modular  design.  The  electronic  module, 
containing  all  the  program  variables,  shall  be  able  to  be  easily 
removed  from  the  mechanical  register  for  programming,  maintenance 
and  trouble  shooting. 
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All  electronic  modules  shall  be  physically  identical  and 
interchangeable. 

A  frictionless  optical  assembly,  mounted  directly  to  the  meter 
frame,  generating  12  pulses  per  meter  disc  revolution  for  input 
to  the  electronic  register  shall  be  provided. 

Each  kilowatt  meter  shall  also  be  complete  with  a  5-dial 
mechanical  kilowatt  hour  register. 

Meters  shall  be  3  stator,  120  volt  for  use  on  a  wire  Y,  3-phase 
system. 

Meter  multiplier  shall  be  shown  on  the  face  plate  and  shall  be 
the  product  of  the  indicated  current  transformer  and  potential 
transformer  ratio. 

Draw  out  arrangement  for  meter  removal  incorporating 
automatically  short  circuit  current  transformer  circuits. 

Meter  covers  shall  be  polycarbonate  resin. 

Meter  detent  to  prevent  negative  registration  by  restricting  the 
backward  rotation  of  the  disk. 

The  normal  billing  data  scroll  shall  be  fully  programmable.  The 
following  items  shall  be  displayed  in  the  data  scroll: 

Kilowatt  hours 
Maximum  demand 

Cumulative  or  continuously  cumulative 
Number  of  demand  resets 
Time  remaining  \  interval 
End-of-interval  indication 
New  maximum  demand  indication 
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•  The  register  shall  incorporate  a  built-in  test  mooe  that  allows 
it  to  be  tested  without  the  need  for  any  special  tools  or  other 
accessories  and  saves  data  and  constants  before  start  of  the 
test.  The  following  quantities  shall  be  available  for  display  in 
the  test  mode: 

Time  remaining  in  demand  interval 
Present  interval's  accumulating  demand 
Maximum  demand 

Number  of  impulses  being  received  by  the  register 

•  Pulse  initiator  with  programmable  ratio  selection. 

•  Battery  with  battery  port  for  quick  changes. 

•  Meters  shall  be  programmed  after  installation. 

•  Meters  shall  be  tested,  calibrated,  and  certified  after 
installation. 

•  Self-monitoring  to  provide  for  s*ored  data  check  sum  error,  ROM 
and  RAH  checksum  error,  battery  fault,  and  unprogrammed  register. 

•  Liquid  cr,  jtal  display,  9  digits,  blinking  squares  confirm 
register  operation.  Large  oiguc  for  data  and  smaller  digits  for 
display  identifier. 

•  Display  operations,  programmable  sequence  with  display 
identifiers.  Display  identifiers  shall  be  selectable  for  each 
item.  Continually  sequence  with  time  selectable  for  each  item. 

Circuit  Breakers:  Molded  case  circuit  breakers  shall  be  furnished  in 
branch  feeder  units  using  circuit  breakers  as  a  di. connect  means.  All 
circuit  breakers  will  have  a  push-to-trip  test  feature  for  testing  and 
exercising  the  trip  mechanism.  Breakers  shall  be  UL  listed  for  a  minimum 
of  22,000  amperes  RMS  symmetrical  fault  withstandabil ity. 
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Main  breakers  (480  volt  panels  only)  shall  be  equipped  with  auxiliary 
contacts  and  shunt  trip  coils.  Optional  electrical  operation  mechanisms 
shall  be  proposed  for  possible  use  if  funding  levels  are  adequate. 

Identification:  A  control  center  identification  nameplate  with  factory 
identification  numbers  and  characteristics  shall  be  fastened  on  the 
vertical  wire  trough  door  of  every  section.  Each  unit  shall  have  its  own 
identification  nameplate  fastened  to  the  unit  saddle.  These  nameplates 
shall  have  suitable  references  to  factory  records  for  efficient 
communication  with  supplier.  Each  unit  shall  also  have  an  engraved 
nameplate  fastened  to  the  outside  of  the  unit  door  for  ease  in 
identification  and  for  making  changes  when  regrouping  units.  Main 
breakers  (480  panels  only)  shall  be  equipped  with  auxiliary  monitoring 
contacts  and  shall  be  equipped  with  short  trip  controls.  Optional 
electrical  operations  shall  be  proposed  for  possible  use  if  funds  are 
adequate. 


Wiring:  The  switchgear  wiring  shall  be  NEMA  Class  II,  Type  B. 

As  defined  by  NEMA  Standard  ISC-2-322,  Class  II  switchgear  shall  include 
the  necessary  electrical  interlocking  and  interwiring  between  units. 

Type  B  wiring  shall  include  terminal  blocks  mounted  on  lift  out  brackets 
in  the  units. 

Terminal  blocks  shall  be  quick  separating  pull-apart  solderless  box  lug 
type  or  equal , 

Finish:  All  metal  structural  and  unit  parts  shall  be  completely  painted 
using  an  electrodeposition  process  so  that  the  interior  and  exterior 
surfaces  as  well  as  bolted  joints  have  a  complete  finish  coat  on  and 
between  them. 
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3.0  TESTS 

3.1  Foil  wing  tests  shall  be  performed  and  results  recorded.  All  the 
equipment  tests  shall  be  performed  in  accordance  with  IEEE,  NEMA,  and  ANSI 
Standards  where  such  standards  are  definitive.  All  test  data  including  but 
not  limited  to  test  circuitry,  faulty  equipment,  and  remedial  action  will 
be  recorded,  certified,  correlated,  bound,  and  furnished  to  the  Owner. 

a.  Wiring  continuity  -  point  to  point  check  and  verification  with  the 
wiring  diagrams. 

b.  Wiring  insulation  -  check  to  ground  -  megger  at  600  volts. 

c.  Power  of  proper  amplitude  and  frequency  shall  be  applied  to  all  AC  and 
DC  circuitry.  Three-phase  potential  and  current  of  proper  frequency 
shall  be  applied  to  all  applicaole  AC  connections. 

d.  Polarity  tests  of  all  AC  and  DC  circuitry.  Three-phase  power  and 
phase  angle  meter  shall  be  used  to  make  AC  polarity  test  on  power 
feeds  and  metering  circuits. 

e.  Functional  tests  shall  be  performed  on  all  equipment  to  indicate 
proper  operation  of  all  protection,  metering,  and  control  equipment. 
Power  circuit  breaker  simulators  shall  be  employed  for  the  primary  bus 
to  verify  proper  operation  of  all  equipment. 

f.  The  Owner  may  at  his  option  provide  specific  relay  and  metering  test 
forms  to  be  complied  with,  otherwise  the  Seller  shall  submit  2  copies 
of  Seller's  standard  test  forms  for  review  by  the  Engineer. 

g.  All  "as  left"  test  values  shall  be  recorded  and  shall  be  within 
manufacturer's  tolerances.  Manufacturer's  tolerances  shall  be 
indicated  on  the  test  forms. 


A-I57 


ES-51334 


h.  The  intent  of  the  acceptance  test  is  to  determine  that  the  meters  and 
relays  have  not  sustained  damaged  during  shipment  from  the 
manufacturer  and  that  the  meters  and  relay  calibrations  have  not  been 
disturbed.  If  the  examination  or  test  indicates  that  re-adjustment  is 
necessary,  the  relay  shall  be  repaired  and/or  calibrated  as  per 
manufacturer's  instructions. 

3.2  The  Owner  and/or  Engineer  may  elect  to  visit  the  Seller's  facilities 
on  completion  of  fabrication  of  the  equipment  to  inspect  the  equipment  and 
witness  testing  as  outlined  in  Section  3.1. 
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TRIP  REPORT 

FINAL  ACCEPTANCE  TESTING  OF 
ABB  112.5  KVA  AMORPHOUS  CORE  TRANSFORMER 
FOR  SAN  DIEGO  NORTH  ISLAND  NAVAL  BASE 


Trip  Date; 
Location: 
Attendees : 
Objective: 


FACILITY; 


Jan.  15-17,  1991 

Jefferson  City,  Missouri 

J.S.  Bertrand  &  S.A.  McBride 

Attend  witness  testing  of  amorphous  core 

transformer  for  the  San  Diego  North  Island  Naval 

Base. 


ABB's  Jefferson  City  Missouri  distribution  transformer 
manufacturing  facility  is  comprised  of  engineering, 
administration,  shipping  &  receiving,  and  manufacturing  in  a 
single  600,000  square  foot  facility.  The  plant  has  a  high  degree 
of  modern  automation,  utilizing  obotic  welders,  conveyers, 
painting  apparatus,  presses,  et.  for  a  majority  of  the 
manufacturing.  ABB  uses  an  exte..sive  Computer  Aided  Design  And 
Manufacturing  (CADAM)  system  to  simplify  the  process  of  producing 
200  to  300  transformers  per  day. 

Factory  Testing; 

The  f  'owing  transformer  contracted  with  ABB  is  being 
manut.  •  ured  by  ABB  in  Jefferson  City  Missouri: 

£  Order  Number  Location  Size  f kVA)  PWC# 

1  V25E123YVY  473  112.5  CC48 

The  following  sections  will  detail  all  testing  performed  on  this 
unit.  Engineering  drawings  and  certified  test  data  are  attached 
to  this  report  as  available. 

Tests; 

1.  Turns  ratio,  polarity,  and  phase  rotation  test 

2.  Demagnetization  (exciting  current) 

3.  Half  wave  &  full  wave  impulse  test 

4.  Applied  voltage  test  of  high  voltage  coils  test 

5.  Applied  voltage  test  of  low  voltage  coils  test 

6.  Induced  voltage  test  (400Hz) 

7.  No-load  loss  test 

8.  Resistance,  impedance,  and  load  loss  test 

9.  Temperature  rise  test 
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Shop  Order  #804001  Style  #V2:-i:i23Y\^ 

This  transforiti«  was  specified  and  constr  u.  ted  as  a  112.5  kVA  OA 
outdoor  padmour.wed  unit.  The  transformer  nas  a  2400  volt  delta 
primary  winding  and  a  480/277  volt  grounded  wye  secondary 
winding.  The  cooling  fluid  is  193  gallons  of  RTEmp  (high 
molecular  weight  hydrocarbon) .  The  following  tests  were 
performed  on  January  16-17,  1991  on  the  1  near  test  line  as 
illustrated  in  the  Electrical  Testing  Program — Jefferson  City 
Booklet  (PDL  46-300-TT-K  Page  4-"  . 


TEST 


STATUS 


Turns  ratio  test 
8 : 00am 


i; *  00am 


2 : 30pm 


4 : 3  0pm 


Demagnetization 
5 : 00pm 


Failed.  The  first  ratio  test  indicated  that 
the  secondary  windings  were  improperly 
connected.  This  should  have  been  identifier 
during  a  preliminary  ratio  test  which 
normally  is  performed  prior  to  installation 
of  the  cooling  oil.  The  transformer  was 
removed  from  the  test  line  and  placed  in  the 
r  pair  area.  The  cooling  fluid  was  then 
c.ained  out  of  the  tank  to  a  level  just  below 
the  top  of  the  core/coil  assembly.  This 
would  allow  reconnection  cf  the  secondary 
windings.  Extreme  cautij.-i  had  to  be  used  to 
avoid  introducing  any  foreign  objects  into 
the  tank  during  repair  (such  as  bolts,  nuts, 
washers,  etc.).  The  root  cause  of  the 
connection  problems  was  determined  to  be  that 
the  wrong  connection  diagram  was  given  to  the 
internal  construction  team.  The  designer 
subseq'^ ently  located  the  proper  connection 
diagram  and  the  connections  were  altered  to 
the  new  configuration.  The  cooling  fluid  was 
then  very  slowly  reintroduced  into  the  tank. 
Caution  was  used  to  minimize  the  introduction 
of  air  bubbles  into  the  fluid.  The 
transformer  was  then  taken  to  the  vacuum 
chamber  where  it  was  subjected  to  two 
complete  vacuum  cycles  to  draw  any  air  from 
the  transformer.  The  transformer  was  then 
brought  back  to  the  t  .t  line. 

A  second  ratio  test  was  performed  a- 1  passed. 
The  polarity  and  phase  rotation  tes:.s  also 
passed . 

Passed.  This  test  is  performed  to  remove  any 
residual  m.agnetism  in  preparation  for  the 
impulse  tests.  It  also  serves  as  a  means  to 
measure  the  exciting  current. 
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Impulse  test  Each  of  the  three  high  voltage  windings  was 

5:15pm  subjected  to  a  half  wave  impulse  test  and  a 
full  wave  impulse  test.  The  test  engineer 
tested  the  windings  to  60  kV  BIL.  I  reviewed 
the  specification  and  informed  him  that  the 
requirement  was  for  75  kV  BIL.  I  stated  that 
the  60  kV  BIL  test  was  not  adequate  and  that 
they  will  be  required  to  perform  another  test 
to  the  required  75  kV  BIL.  Based  on  the 
configuration  of  their  test  line  it  was  not 
possible  to  go  backwards  and  repeat  the  test. 
The  unit  would  have  to  be  reintroduced  to  the 
lineup  following  completion  of  the  other 
tests.  They  assured  that  they  would  perform 
the  impulse  test  to  75  kV  BIL.  I  was 
contacted  on  January  22,  1991  and  informed 
that  the  75  kV  BIL  test  had  passed  without 
incident.  This  plant  does  not  have  the 
capability  to  perform  impulse  testing  of  the 
low  voltage  windings.  Therefore  the  30  kV 
BIL  tests  of  the  480  volt  secondary  windings 
were  not  performed. 

Applied  voltage  Both  the  high  and  low  voltage  tests  passed. 

Induced  voltage  The  400  Hz  induced  voltage  test  passed. 

No-load  loss  The  no-load  loss  was  measured  to  be  86  watts. 

6:00pm  This  value  was  8  watts  above  the  quoted  value 

of  78  watts. 

Load  loss  The  load  loss  was  measured  to  be  1529  watts. 

6.15pm  This  value  was  29  watts  below  the  quoted 

value  of  1558  watts. 

Resistance  Passed. 

Impedance  The  transformer  impedance  was  measured  to  be 

3.32%.  This  value  is  at  the  maximum  limit  of 
the  specified  impedance  and  is  acceptable. 

Temp  ature  rise  54.5  degrees  Celsius 
Jan.  17,1991  (24  hours) 

The  tests  on  this  unit  were  all  performed  with  exclusion  of  the 

impulse  testing  on  the  secondary  windings.  During  the  tests 

several  problems  were  identified.  These  items  which  require 

furtht  attention  are  listed  below: 
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ACTION  ITEMS: 


1.  The  transformer  nameplate  identified  the  unit  as  a  65 
degree  Celsius  rise.  It  should  be  55  degree  Celsius 
rise. 

2.  The  transformer  nameplate  identifies  the  transformer  HV 
BIL  as  60  kV.  It  should  be  75  kV. 

3.  The  transformer  nameplate  identifies  the  impedance  as 
2.76%.  It  was  measured  to  be  3-32%. 

4.  Drawing  J801R4Q  shows  item  #12  (Pressure  relief  device, 
350CFM  at  15  psig)  located  on  the  front  of  the 
transformer  inside  the  secondary  compartment.  This 
high  volume  pressure  relief  device  which  is  required 
with  the  use  of  RTEmp  fluid  must  be  installed  on  the 
top  of  the  unit  (due  to  space  limitations) .  I  asked 
specifically  what  their  intentions  were  and  they 
informed  that  the  required  high  volume  PRD  would  be 
installed  on  one  of  the  hand  hole  cover  plates  on  top 
of  the  unit. 

5.  Jim  Hankins  will  contact  us  with  the  proposed  shipping 
information  as  soon  as  it  is  available. 

6.  ABB  (Jim  Hankins)  will  issue  us  a  Certified  Test  Report 
as  soon  as  it  is  available. 


CONSLUSION: 


The  transformer  passed  an  acceptable  series  of  tests.  The 
particular  test  series  used  by  ABB  is  almost  completely  computer 
controlled.  This  makes  it  very  difficult  for  the  observer  to 
know  what  is  going  on.  Specific  pass/fail  criteria  have  been 
loaded  into  the  computer  system  based  on  the  experience  of  many 
thousands  of  successful  units.  Data  from  each  of  the  tests  are 
digitized  and  sent  to  the  computer  for  analysis,  the  computer 
then  either  accepts  the  test  results  or  rejects  them.  This 
application  is  designed  for  a  volume  production  environment  in 
lieu  of  a  special/custom  transformer  environment.  All  things 
considered  this  is  a  very  impressive  manufacturing  plant. 
Technology,  personnel,  design,  and  materials  are  for  the  most 
part  outstanding. 
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Electrical  Testing 
Program  - 
Jefferson  City 


General  Testing  Program 

Factory  tests  are  performed  on  a  transformer  to 
confirm  tnat  it  is  properly  designed  and  constructed 
to  carry  rated  load  and  that  it  will  withstand  the 
conditions  it  will  be  exposed  to  in  service.  Factory 
tests  are  evidence  of  the  reliability  of  a  transformer, 
although  the  ultimate  proof  is  trouble-free  service 
over  Its  expected  I'" 

The  Jefferson  Cit>  jsting  program  is  based  on 
applicable  ANSI.  IEEE,  and  lEC  standards  and  can 
be  divided  into  5  broad  categories: 

1.  Test  Data 

A  Test  Parameters 
B  Test  Results 

2  Preliminary  Tests 
A  Core  Loss  Test 
8  Turns  Ratio  Test 

C.  First  Preliminary  Ratio  Test 
D  Second  Preliminary  Ratio  Test 

3  Routine  Tests 
A  Ratio 

B  Demagnetization 
C.  Full  Wave  impulse 
D  Applied  Voltage  Test  of  the  HV  Circuit 
E  Applied  Voltage  Test  of  the  LV  Circuit 
F  400  HZ  Induced  Test 
G  No-Load  Loss  and  Exciting  Current 
H  Load  Loss  Resistance  and  Impedance 
I  Pina:  Continuity  Check 
J  Circuit  Breaker  Test 

4  special  Tests 
A  Sound 

E  Temperature 

5  Calibration 

1.  Test  Data 

Test  aata  consists  of  a  set  of  test  parameters  and  a 
set  0*  test  res  jits  for  each  mdivioual  transformer 
Test  cata  is  'ed  m  the  office  mainframe  computer 
Test  oaram  are  sent  to  the  test  floor  and  stored 
within  the  te  computer  system  for  lat“r  retrieval 
wheh  the  transformer  arrives  for  testing  As 
transformers  are  tested,  the  results  are  held  within 
the  test  floor  computer  system,  then  transferred  to 
the  maihframe 


A.  TEST  PARAMETERS 

A  unique  set  of  parameters  is  used  to  test  each 
individual  transformer.  This  set  is  generated  from 
a  combination  of  three  sources: 

1 .  Customer  Specification 

This  includes  all  of  the  transformer  ratings 
such  as  HV.  LV.  kVA.  winding  temperature 
rise,  and  frequency.  The  customer  may 
specify  special  design  tests  such  as  sound, 
temperature  rise,  or  RIV.  He  may  require  that 
the  transformer  be  tested  according  to  lEC 
standards  or  ANSI.  If  no-load  loss,  total  loss, 
impedance,  or  exciting  current  is  quoted  to 
the  customer,  then  not  to  exceed  values 
based  on  the  quote  are  sent  to  the  test  floor  as 
limits. 

2.  Transformer  Standards  (lEC.  ANSI.  IEEE, 
etc.) 

The  standards  specify  the  routine  tests  that 
must  be  performed  on  every 
transformer.  Test  voltage  levels,  test  durations 
and  pass/fail  criteria  are  included  Examples 
are: 

400  HZ  Induced  Voltage  level 
Full-wave  Impulse  Voltage 
Applied  Voltage  of  the  HV  Circuit 
Applied  Voltage  of  the  LV  Circuit 

3  Design  Performance  Criteria 

If  values  Such  as  no-loac  loss,  total  loss, 
impedance,  and  exciting  current  were  not 
Quotec  to  the  customer,  then  values  based  on 
the  design  ana  or  past  performance  of  the 
transformer  style  are  sent  to  the  test  floor  as 
pass  fail  criteria  Examples  are 

400  HZ  Inauced  Voltage  Test  Current  Limit 
Minimum  and  Maximum  "o  Impeoance  Limits 
No-load  Losses  and  Exciting  Current  Limits 
HV  and  LV  Coil  Resistances 
Total  Losses 
Load  Losses 

The  Design  Engineering  Department  may 
specify  special  design  or  "type'  tests  to  verify 
new  designs  su  n  as  choppeo-wave  impulse 
test,  short  circuit  test,  temperature  test,  souhd 
or  RIV. 
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A  se;  o'  test  results  is  recoroec  'O'’  each 
transtormer  Some  o'  tne  vaues  are  sent  directly 
to  tne  customer  wnen  reauestec  examples  are 
no-ioao  loss  total  loss.  °c  impedance  “'c  exciting 
current,  ana  tne  formal  notification  tnat  tne 
transformer  diC  receive  and  pass  all  required 
tests  (Certified  Test  Report). 

Tne  test  results  are  recorded  m  tne  design 
datapase  to  estadiisn  actual  performance 
cnaracteristics  of  new  designs  and  to 
dynamically  update  performance  characteristics 
of  existing  designs  as  materials  vary  and 
manufacturing  processes  are  improved 

Tne  test  results  are  analyzed  By  tne  Quality 
Assurance  Department  to  monitor,  report  trends, 
and  take  action  as  reouired  to  assure  that  quality 
manufacturing  practices  are  followed. 

2.  Preliminary  Tests 

The  preliminary  tests  a'e  performed  primarily  to 

estaoiisn  tne  acceptance  of  core-coil  assempiy.  Four 

preliminary  tests  are  performed: 

A  CORE  LOSS  TEST 

This  test  IS  performed  on  each  core  loop  to 
measure  the  core  loss  at  the  (design)  induction 
level  The  cores  are  graded  according  to  tneir 
measured  losses  later  compmed  as  required  to 
meet  tne  no-load  losses  guaranteed  for  each 
complete  core  coii  assempiy 

B  TJONS  RATIO  TEST 

Tris  test  IS  performed  as  an  audit  of  completed 
coils  It  ver'fies  tnat  the  numoer  of  turns  is 
correct  in  eacn  wmamg  section 

C  =iRST  PRELIMINARY  RATIO  TEST 

'''■st  c'e'imma'y  ratio  test  is  located  m  tne 
co'e  coi  area  pnor  to  tne  core  coii  Pane 

o.e~  Rat  c  tests  a'e  performed  on  all  core  coii 
asse'^'Diies  at  tne  rated  voltage  connection  anc  at 
ai'  tao  vo'tages  A  small  voltage  laoproximateiv 
'C  '.cits  IS  acoiied  to  tne  pnmarv  wmcing  Tne 
xoitaae  acc'ieo  anc  tne  secondary  voltage  are 
measured  oy  a  d'Oitai  ratio  meter  The  meter 
divides  tne  seconoa'y  voltage  Cy  tne  prima'y 
voltage  a'^c  cisoia.s  ‘.ne  ratio  For  tnree  pnase 
transformers  tne  test  is  cone  separately  on  each 
pnase 


D  SECOND  PRELIMINARY  RATIO  TEST 

A  second  preliminary  ratio  test  is  performed  in 
tne  internal  assempiy  area  prior  to  vacuum  on 
fill  This  ratio  test  is  performed  in  the  same 
manner  as  the  first  test,  except  that  it  is  made 
with  all  Pushings  installed  to  verify  that  internal 
connections  to  tne  Pushings  are  made  witn  tne 
correct  polarity 

3.  Routine  Tests 

Routine  tests  are  performed  on  all  transformers  to 
verify  tnat  proper  manufacturing  practices  were 
followed  in  tne  construction  of  each  transformer  and 
to  estaplish  performance  characteristics.  The 
following  are  routine  tests: 

Ratio 

Demag 

Full  Wave  Impulse 

Applied  Voltage  Test  of  tne  HV  Circuit 
Applied  Voltage  Test  of  tne  LV  Circuit 
Induced  Test 

No-ioad  Loss  and  Exciting  Current 
Load  Loss  and  Impedance 
Final  Continuity  Check 
Circuit  Breaxer  Test 

A  RATIO  TEST 

Tne  ratio  test  is  given  to  verify  tnat  the 
transforme' s  ratio,  polarity  and  phase  rotation 
are  correct 

Twenty  volts  is  aoolied  to  the  secondary 
terminals  The  voltage  applied  anc  tne  induced 
P'lmary  voltage  are  measured  and  compared  'or 
ratio  and  pnase  reiationsnip  The  voltage  is 
applied  in  three  separate  connection 
configurations  for  three  pnase  units 

B  DEMAG  TEST 

Tne  cem, ag  test  15  given  to  'emcve  any  -esiduai 
macnet'sm.  ir  orecaration  for  an  im.ou'se  test 
Also  It  serves  as  a  no-ioao  excitmc  cume^'t  test 

Ppwe'  IS  applied  tc  tne  low  voltage  windings 
voltage  is  rammed  f'pm.  ze'o  to  rated  seconoa'v 
voitaoe  and  then  cacx  tc  zero  volts  A 
transformer  is  co''siae'ed  tc  nave  passed  "nis 
test  if  the  exciting  current  does  not  exceed  tne 
limit  specified  for  the  design  of  tne  transformer 
under  test 
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C.  PULL  WAVE  IMOULSE  TEST 

The  tuii  wave  impulse  tes;  atiempts  tp  simulate  a 
ligntnmg  Oisturpance  itiat  faveis  some  distance 
along  a  transmission  line  belore  it  reacnes  tne 
transformer  At  tne  transformer,  tnis  wave  shape 
rises  from  zero  to  crest  in  1.2  microseconds  and 
decays  to  one-naif  value  m  50  microseconds.  The 
peak  value  is  specified  Oy  ANS<  standards 
according  to  tne  transformer  rating. 


Each  HV  bushing  is  tested  by  impulsing  that 
bushing  while  grounding  one  end  of  alt  windings 
and  the  tank  Each  HV  bushing  receives  an 
impulse  Shot  at  one-halt  tne  rated  value  and  then 
another  shot  at  the  full  impulse  value.  The 
ground  current  waveforms  are  recorded  for  both 
snots  on  a  winding  and  compared.  The  current 
waveshape  at  the  reduced  impulse  shot  is  taken 
fir  jt  to  establish  the  characteristic  waveshape  for 
tne  winding  while  the  insulation  is  still 
considered  to  be  souro,  if  the  current  waveshape 
of  the  full  impulse  shot  is  very  similar  to  that  of 
tne  reduced  --.ot,  the  winding  is  considered  to 
have  passec  tne  test. 


D.  APP.IEO  VOLTAGE  TEST  OF  HV  CIRCUIT 
(HtiC) 

The  HLIC  test  >s  performed  to  check  the 
insulation  design  and  to  verify  proper 
construction  The  HLIC  test  verifies  the  major 
insulation  between  tne  HV  circuit  to  the  LV 
circuit  and  to  ground.  (The  acronym  "HLIC" 
stanos  (or  'high  to  low^iron  continuity".) 

The  test  IS  performec  by  connecting  all  HV 
terminals  together  anc  applying  a  specified 
vpit-Tge  from  tne  HV  terminals  to  ground  for  one 
m  •  .;te  at  60  HZ  while  all  other  terminals  anc  the 
tc  ^  are  grounded  The  voltage  applied  is 
specified  oy  ANSI  according  to  tne  transformer's 
ran.ngs  A  transformer  is  considered  to  nave 
successfully  passed  tne  test  if  no  appreciapie 
cu^'en:  flows 


E  APPLIED  VOLTAGE  TEST  OF  LV  WINDINGS 
(LHIC) 

Tne  LHIC  test  is  also  performec  to  check  the 
insulation  design  and  to  verify  proper 
construction.  The  LHIC  test  verifies  the 
insulation  oetween  the  LV  circuit  to  the  HV 
circuit  and  to  ground  (The  acronym  'LHIC” 
stands  for  "low  to  hign/iron  continuity".) 

Tne  test  is  performed  by  connecting  all  LV 
terminals  together  and  applying  a  specified 
voltage  trpm  tne  LV  terminals  to  ground  tor  one 
minute  60  HZ  wnile  all  other  terminals  and  the 
tank  ar'  ounded.  The  voltage  applied  is 
specified  Dy  ANSI  according  to  the  transformer 
ratings.  A  transformer  is  considered  to  have 
successfully  passed  the  test  if  no  appreciable 
current  flows  through  the  transformer. 

F,  400  HZ  INDUCED  POTENTIAL  TEST 

The  400  h2  test  is  performed  on  all  transformers 
to  check  insulation  design  and  verify  proper 
construction  Although  this  test  also  verifies  f ■  e 
maior  insulation  between  the  HV  and  LV  circuits. 
Its  mam  purpose  is  to  check  the  turn-to-tum  ana 
layer-to-iayer  insulation  within  the  HV  and  LV 
windings.  Also,  this  test  checks  the  insulation 
between  phases  m  tne  HV  and  LV  circ.  *s. 

A  400  HZ  voltage  is  applied  to  the  low  tge 
terminals  tor  eighteen  seconds.  The  v  ..e  can 
be  from  two  to  four  times  rated  (determined  by 
the  transformer  ratings  arcording  to  ANSI 
standards)  The  transformer  is  considered  to 
have  successfully  completed  this  test  if  tne 
current  does  not  exceed  a  caicuiateo  value, 
based  on  tne  transformer  s  ces'gn 
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G  NO  LOAD  LOSS  AND  EXC:*ING  CURRENT 
Tne  no-ioac  losses  are  losses  o‘  a  transformer 
excitec  at  ratec  voltage  Out  not  suooiymg  loaa. 
tnat  IS.  wnen  only  excitmg  current  flows  through 
the  energijeC  wmamg  The  no-ioac  loss  consists 
of  the  iron  loss  in  the  core,  cieiectnc  loss  ana 
the  loss  in  the  windings  Cue  to  tne  excitmg 
current. 

Rated  voltage  is  applied  to  the  low  voltage 
terminals  with  the  high  voltage  terminals  open 
Circuited  Simultaneous  readings  are  made  of 
voltage  applied,  power  input,  and  excitation 
current 

The  no-ioad  loss  TW  (true  watts)  is  the  value 
read  Oy  a  wattmeter  measuring  the  power  input. 
The  %  excitation  current  is  the  percent  of  rated 
Current  drawn  during  this  test. 

The  no-load  loss  AW  (apparent  watts)  is  the 
product  of  the  applied  voltage  and  the  exciting 
cur'ent  (also,  times  the  square  root  of  3  if  a  three 
phase  transformer). 

H  load  loss,  resistance  and  impedance 

TEST 

The  load  loss  of  a  transformer  is  the  loss  created 
by  Current  flow  through  the  transformer 
windings  Current  flow  through  the  windings 
creates  the  following  two  types  of  losses 

a  i-R  loss  The  PR  loss  is  the  real  power 
consumed  (or  heat  created)  bv  load  current 
passing  through  the  winding  resistance 

b  Stray  loss  Tne  stray  loss  is  the  eddy  current 
losses  caused  by  leaxage  flux  The  stray  loss 
IS  generally  less  than  five  percent  of  total 
losses 

"he  impedance  voltage  is  me  voltage  drop  due  to 
load  cu-rent  passing  tnrougn  the  inductance  anc 
resistance  of  tne  windings  The  impeda  .ce  is 
expressed  as  a  pe'certage  of  ratec  nign  voltage 


The  test  IS  pe-formec  by  shorting  tne  LV 
bushings  tocemef  anc  applying  sufficient 
excitation  to  the  hv  pushings  to  circulate  rated 
current  through  the  HV  circuit  Measurements 
are  taken  for  power  input,  voltage  applied, 
current,  and  oil  temperature  Winding  resistances 
are  measured  Then,  the  impedance  and  load 
loss  are  calculated  at  the  rated  operating 
temperature  (normally  85° C). 

I  FINAL  continuity  CHECK 

A  continuity  test  is  performed  on  all 
transformers  This  test  will  assure  our  customers 
that  the  transformer  fulfills  their  specifications 
and  prevent  possible  safety  hazards  due  to 
incorrectly  wired  transformers. 

The  continuity  test  is  performed  in  Final 
Assembly  after  all  HV.  LV  and  accessory 
markings  (stencils,  decals,  etc.)  have  been 
acpiied  to  tne  transformer  The  following  checks 
are  made; 

a  The  namepfate  is  compared  to  manufacturing 
information  for  style,  serial  number.  kVA,  HV 
rating.  LV  rating,  tap  voltages,  impedance, 
conductor  materials  and  coil  BIL  rating. 

b  The  ouantity  of  bushings,  electrical 

accessories,  ano  fuses  on  the  unit  is  verified 
to  agree  with  the  namepiate  and 
manufacturing  information.  The  bushing 
Identification  on  the  unit  is  checked  against 
the  nameplate 

c  An  ohmmete'’  is  tnen  used  to  check  the  unit 
and  verify  that  tne  internal  wiring  and  the 
operation  of  ail  devices  (breakers,  swncnes. 
Pull-out  fuses,  etc  )  agrees  with  the 
namepiate 

J  CIRCUIT  BREAKER  TEST 

Each  transformer  mat  nas  an  unoer-oii  breaker  is 

r, ~.;ted  to  tne  breaxer  test  station  There,  each 
c  .‘  tne  breaxer  is  tested  by  circulating 

s.  ent  cu'rent  to  trip  the  breaxer  witnm 
twenty  seconds  This  is  an  operational  test  which 
assures  tnat  t''e  breaxer  was  correctly  installed 
and  IS  mecnanicaiiy  anc  electrically  sound 
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4.  Special  Tests 

Special  tests  are  performed  at  the  option  of  the 

customer  or  the  design  engineer. 

A.  SOUND  TESTING 

Some  customers  specify  a  maximum  allowable 
transformer  sound  level  The  sound  generated  by 
a  transformer  is  affected  by  the  core  geometry, 
flux  density,  tank  design,  and  the  quality  of 
assembly  of  all  of  the  transformer  component 
into  a  completed  unit. 

Sound  measurements  are  made  on  the  "A" 
weighted  scale  The  '  A"  characteristic  best 
relates  how  a  young  listener  (with  normal 
hearing)  hears  the  complex  transformer¬ 
generated  sound.  For  reference,  zero  dB  is  a 
sound  level  just  barely  below  the  minimum 
detectable  sound  level  of  the  “young  listener". 
The  noise  level  in  a  large  office  usually  is 
between  50  and  60  dB.  Very  loud  sounds  such  as 
nearby  airplanes  and  railroad  trains  may  exceed 
100  dB. 

Sound  level  tests  require  an  ambient  sound  level 
at  least  five,  and  preferably  ten.  decibels  lower 
than  the  sound  level  of  the  transformer  and 
ambient  combined  The  tests  are  performed  in 
the  shipping  warehouse  and  are  scheduled 
during  off-shifts  to  obtain  the  lowest  practical 
ambient  sound  level  (approximately  36  dB). 
Sound  tests  are  made  with  the  unit  powered  at 
lOO°.o  and  110%  of  rated  voltage  under  no-load 
conditions 

Sound  measurements  are  made  at  three-foot 
intervals  on  a  stretched  string  contour  around 
the  tank  at  half  the  tank  height  The  points  begin 
at  the  oram  valve  and  proceed  clockwise  around 
the  tank  The  sound  instrument  nozzle  is  pointed 
horizontally  at  the  string  with  the  end  of  the 
instrument  one  foot  from  the  String. 

Tne  measurement  values  are  averaged  to  obtain 
z''  average  A'  weighted  sound  level 


B  TEMPERATURE  TESTS 

Core  losses  and  coil  losses  are  me  primary 
sources  of  heating  within  the  transformer 
Temperatures  within  the  transformers  are  a 
function  of: 

a  Losses  generated  by  the  core  and  coii 

b.  Core,  coil  and  tank  construction 

c.  The  transformer's  external  environment 
(primarily  the  surrounding  air  temperature) 

In  general,  our  transformers  are  guaranteed  to 
have  an  average  coil  winding  temperature  of  no 
more  than  65°  C  rise  over  ambient  air 
temperature  when  operated  at  rated  voltage  and 
load  conditions.  (Other  winding  temperature 
rises  may  be  specified.) 

The  temperature  test  is  performed  to  determine 
the  thermal  characteristics  of  the  transformer 
and  to  verify  that  these  characteristics  are  within 
design  limits. 

The  Compromise  Method  (or  Short  Circuit 
Loading  Method)  is  used  to  simulate  rated 
operating  conditions.  The  low  voltage  winding 
terminals  are  shorted  and  sufficient  current  is 
circulated  through  the  HV  windings  to  generate  a 
loss  within  the  transformer  equivalent  to  the  core 
loss  plus  the  load  loss  The  transformer  tap 
changer  is  connected  to  its  maximum  loss 
(lowest  voltage)  position  and  total  losses  are 
applied  to  the  transformer. 

Total  Loss  =  Iron  Loss  *  Load  Loss 

The  purpose  of  this  initial  loading  is  to  establish 
the  miaximum  oil  rise  temperature  of  the 
transformer  Thermocouples  are  usee  tc  monitor 
the  top  and  bottom  on  temperatures  anc  tne 
ambient  air  tempei'atures  The  transformer  is 
operated  at  this  loading  until  the  increase  m  me 
oil  temperature  over  ampient  ooes  not  change 
more  man  I'C  m  tnree  hours 
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Afier  a  three-hour  penoa  of  stable  oil 
temperature,  trie  loaamg  is  cut  bacK  to  rated 
current  and  continued  for  one  hour  The 
transformer  is  thien  disconnected  from  the  power 
source  immedia'  resistance  measurements 
are  taKen  as  the  transformer  cools  The  initial 
resistance  readings  on  each  winding  are  taken 
within  four  minutes  after  the  transformer  is  de¬ 
energized  Three  additional  readings  are  taken, 
UP  to  a  maximum  time  of  ten  minutes  after  the 
transformer  was  de-energized 

The  resistance  of  a  winding  prior  to  de¬ 
energizing  the  transformer  can  be  found  by 
plotting  the  resistance  readings  versus  time  and 
extrapolating  the  curve  back  to  zero  time 
Knowing  the  resistance,  the  winding  temperature 
at  the  instant  of  shutdown  can  be  calculated 
Following  are  useful  performance  data  obtained 
from  the  temperature  test: 


Avg  Oil  Rise  =  (Too  Oil  (a  Cutback  ♦  Bottom 
Oil  (S  CutbacK)  -  2 

Coil  Diff.  =  Winding  Rise  -  Top  Oil  Rise 

Top  Oil  Rise  =  Top  Oil  @  Cutback  -  Amb.  @ 
Cutback 

Gradient  =  Winding  Rise  -  Avg.  Oil  Rise 

Winding  Rise  =  Wind.  Temp  -  Ambient  @ 

Cutback  ♦  (Top  Oil  (S  Cutback 
-  Top  Oil  @  Shutdown) 

S.  Calibration 

The  test  eguipment  is  periodically  calibrated  to 
assure  that  the  tests  are  valid  and  accurate. 

More  detailed  information  about  the  calibration 
program  is  in  the  Electrical  Calibration  Procedure. 
QAP302. 


•  n  S  * 


ABB  Powtr  TAD  Company  Inc. 

Ur'Uergi'Ounc  DiStr'OuliOn  Transformers 
jefle’son  Ciiy  MO  65101 
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TRIP  REPORT 

FINAL  ACCEPTANCE  TESTING  OF 
NATIONAL  INDUSTRI  CAST  COIL  TRANSFORMERS 
FOR  SAN  DIEGO  NORTH  ISLAND  NAVAL  BASE 


Trip  Date:  Oct.  8-11,  1990 

Location:  Hampton  VA 

Objective:  Attend  witness  testing  of  cast  coil  transformers 

for  the  San  Diego  North  Island  Naval  Base. 

Factory  Testing: 

The  following  eight  transformers  contracted  with  ABB  are  being 
manufactured  by  ABB/National  Industri  Transformer  Inc.  in  Hampton, 
VA: 


1 

Shoo  Order 

Location 

SizefkVA^ 

PWC  # 

1 

2897 

94 

750/1000 

CC69 

2 

2898 

94 

300 

CC7  0 

3 

2899 

378-1 

750/1000 

CC27A 

4 

2900 

378-1 

500 

CC27B 

5 

2901 

472 

1500 

CC45 

6 

2902 

489 

1500 

CC4  9 

7* 

2903 

342 

112.5 

CC16 

8 

2904 

378-6 

500 

CC26 

*  Shop  order  #  2903  had  not  been  constructed  at  the  time  of  this 
trip.  It  is  scheduled  to  be  completed  in  late  November. 

The  following  sections  will  detail  all  testing  performed  on  each  of 
the  transformers.  The  certified  testing  reports  issued  by  National 
Industri  are  included  in  the  appendix  of  this  trip  report  should 
you  need  further  information. 

Tests : 

1.  Coil  resistance  test 

2.  Turns  ratio  test 

3.  Polarity  &  phase  rotation 

4.  No-loao  loss 

5.  Impedance  &  load  loss 

6.  Temperature  rise  test 

7.  Impulse  (BID  test 

8.  Applied  potential  test 

9.  Induced  potential  test 

10.  Partial  discharge  test 
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Shop  Order  #2897: 

This  transformer  is  a  750/1000  kVA  AA/FA  outdoor  unit  substation 
complete  with  a  15kV  fused  primary  switch  and  secondary  switchgear. 
The  transformer  has  a  2400V/12000V  reconnectable  primary  winding 
and  a  480/277V  secondary  winding.  Each  primary  winding  is 
constructed  using  five  sections.  These  five  sections  are  connected 
in  series  for  the  12000V  configuration  and  in  parallel  for  the 
2400V  configuration.  Vertical  busses  mounted  external  to  the  coils 
are  used  to  make  the  series/parallel  connections.  High  voltage 
taps  are  provided  on  the  primary  12000V  configuration  only.  The 
primary  switch  was  built  in  as  part  of  the  unit.  The  secondary 
switchgear  was  not  present.  It  is  assumed  that  ABB  will  be 
supplying  this  switchgear  themselves.  Note  that  the  transformers 
are  painted  a  non-standard  color  and  that  the  secondary  switchgear 
will  need  to  be  painted  to  match.  The  tests  performed  on  this  unit 
and  the  results  were  as  follows: 

TEST  STATUS 

Coil  Resistance  See  test  sheet. 

Turns  Ratio  Test  See  test  sheet. 

Pol.  &  Ph.  Potat.  Tests  okay. 

No-load  Loss  Measured  no-load  losses  =  2491  watts.  This  is 

substantially  less  than  the  guaranteed  maximum 
of  2800  watts. 

Measured  load  losses  =  5728  watts.  This  is 
slightly  over  the  guaranteed  maximum  of  5700 
watts,  however,  it  is  within  the  +/-  5% 

tolerance  required  in  the  RFP. 

Measured  to  be  5.21% — this  value  is  within 
tolerance  of  5%  (-*-/-  10%  dual  voltage  only)  . 

Temperature  Rise  AA  measured  (Celsius)  Max  73.1 

FA  measured  (Celsius)  Max  68.3 
These  values  are  within  the  required  80  degree 
C  maximum.  Note  that  the  transformer  failed 
the  first  FA  heat  run  test,  however,  passed 
the  second  attempt. 

Impulse  Test  All  impulse  tests  passed.  However,  problems 

were  encountered  on  the  H3  coil.  The  second 
chopped  wave  test  on  H3  failed.  Several 
modifications  to  the  test  connections  were 
performed  of  which  none  solved  the  problem. 
Finally  it  was  determined  that  the  clearance 
between  the  fan  blade  and  the  primary  coil  was 
not  sufficient.  For  95kV  BIL,  a  minimum  of 
5.5  inches  is  needed.  The  fan  blade  was 


Load  Loss 


Impedance 
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Applied  Potential 
Induced  Potential 


approximately  2.5  inches  from  the  primary 
coil.  The  fan  appeared  not  to  be  damaged  by 
T"e  failures.  See  narrative  for  further 
discussion. 

Passed,  no  problems  detected 

Passed,  no  problems  detected 

Partial  Discharge  The  partial  discharge  tests  were  performed 

using  new  equipment  in  the  "Corona  Room".  The 
levels  of  detected  partial  discharges  were 
recorded  for  both  110%  and  150%  of  rated 
primary  voltage  at  both  the  top  and  bottom  of 
each  high  voltage  coil.  The  levels  monitored 
contain  a  substantial  amount  of  background 
noise  and  therefore  and  not  completely 
indicative  of  the  actual  level  of  partial 
discharge  in  the  coil.  The  transformer  was 
determined  to  pass  the  test  in  lieu  of  the 
misleading  results  obtained. 

The  transformer  successfully  passed  all  tests,  however,  several 
problems  were  experienced  during  the  process.  The  load  loss  was 
measured  to  be  28  watts  over  the  guaranteed  maximum  of  5700. 
However,  the  no-load  loss  was  measured  substantially  under  the 
guaranteed  maximum.  The  end  result  is  a  lower  total  loss  over  what 
was  guaranteed.  This  transformer  required  four  heat  runs,  AA 
(ambient  air)  2400V,  FA  (forced  air)  2400V,  AA  12000V,  and  FA 
12000V.  Both  of  the  AA  heat  runs  passed  without  incident,  however, 
the  FA  heat  runs  failed.  The  transformer  had  been  designed  and 
constructed  with  6  cooling  fans.  Prior  to  temperature  testing,  the 
design  engineer  had  determined  that  this  design  would  not  be 
sufficient  and  that  12  fans  would  be  required  to  maintain  adequate 
cooling.  The  design  engineer  then  issued  an  "Engineering  Change 
Notice  ECN"  to  change  the  design.  This  ECN  was  not  executed  prior 
to  testing  the  transformer.  The  transformer  was  then  modified  to 
incorporate  the  12  fan  design.  The  FA  heat  tests  were  rerun  and 
passed  successfully.  This  rodification  caused  another  problem. 
When  the  additional  6  fans  were  installed  the  clearance  between  the 
fan  blades  and  the  high  voltage  bus  was  reduced  from  6  inches  to 
2.5  inches.  This  spacing  proved  inadequate  as  the  95kV  impulse 
tests  failed.  It  turned  out  that  another  ECN  had  been  drafted  and 
not  implemented.  The  design  engineer  had  proposed  a  bussing 
modification  which  would  allow  adequate  spacing  of  5.5  inches.  We 
performed  the  bussing  modifications  in  the  impulse  bay  and  were 
able  to  pass  all  impulse  tests  without  further  incident.  The  final 
problem  encountered  while  testing  this  unit  was  during  the  partial 
discharge  testing.  The  "corona  room"  is  used  to  perform  partial 
discharge  testing.  The  large  transformers  however  will  not  fit  in 
their  corona  room,  thus,  accurate  isolated  testing  is  not  possible. 
The  result  is  a  substantial  amount  of  noise  overlayed  on  the 
partial  discharge  display  (lissajous  figure) .  No  prr - lems  with  the 
transformer  were  detected  during  this  testing,  however,  they  are  in 
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the  process  of  upgrading  their  test  equipment  so  that  more  accurate 
testing  can  be  performed. 


Shop  Order  #2898 

This  transformer  is  a  300kVA  indoor  padroount  unit  with  a  480V  delta 
primary  winding  and  a  2 08 /120V  grounded  wye  secondary.  The 
following  tests  were  performed  on  this  unit. 


TEST 

STATUS 

Coil  Resistance 

See  test  sheet. 

Turns  Ratio  Test 

See  test  sheet. 

Pol.  &  Ph.  Rot. 

Tests  okay. 

No-load  Loss 

The  measured  no-load  loss  =  1318  watts.  This 
is  under  the  guaranteed  maximum  of  1400  watts. 

Load  Loss 

The  measured  load  loss  =  3200  watts.  This  is 
over  the  guaranteed  maximum  of  3100  watts. 

Impedance 

The  impedance  was  measured  to  be  3.16%.  This 
is  within  tolerance. 

Temperature  Rise 

AA  measured  (Celsius)  maximum  49.3 

Impulse  Test 

All  tests  passed  at  30kV. 

Applied  Potential 

Passed,  no  problems  detected 

Induced  Potential 

Passed,  no  problems  detected 

Partial  Discharge 

This  transformer  had  to  be  partial  discharge 
tested  in  the  transformer  test  bay  #1.  No 
problems  were  detected. 

Overall,  all  tests  passed  and  no  problems  were  identified.  The 
clearances  in  the  unit  are  very  tight,  however,  the  unit  passed  all 
30kV  impulse  tests  so  the  spacing  proved  to  be  adequate. 


Shop  Order  #2899 

This  transformer  is  a  750/1000kVA  AA/FA  indoor  unit  substation 
complete  with  a  new  I5kv  fused  primary  switch  and  new  secondary 
switchgear.  The  transformer  has  a  12kV  delta  connected  primary  and 
a  480/277V  grounded  wye  secondary. 

No  tests  were  witnessed  on  this  unit.  I  have  reviewed  the 
certified  test  report  for  this  unit  and  no  problems  were 


B-22 


identified.  The  losses,  impedance,  temperature  rise,  and 
configuration  is  within  specification.  Refer  to  the  appendix  for 
further  information. 

Shop  Order  #2900 

This  transformer  is  a  500kVA  AA  indoor  padmount.  It  has  a  480V 
delta  connected  primary  and  a  208/ 120V  grounded  wye  connected 
secondary.  The  transformer  has  a  very  high  primary  current  and 
such  no  primary  voltage  taps  are  required.  The  primary  winding  is 
wound  as  two  sections  connected  in  parallel  to  supply  the  high 
current  required.  The  tests  performed  on  this  unit  were  as 
follows : 

TEST  STATUS 

Coil  Resistance  See  test  sheet. 

Turns  Ratio  Test  See  test  sheet. 

Pol.  &  Ph.  Rot.  Tests  okay. 

No-Load  Loss  The  measured  no-load  loss  =  1483  watts.  This 

is  less  than  the  guaranteed  maximum  of  1600 
watts . 

Load  Loss  The  measured  load  loss  =  6204  watts.  This  is 

greater  than  the  guaranteed  maximum  of  5900 
watts.  This  value  is  9  watts  over  the  +/-  5% 
tolerance  level. 

Impedance  The  measured  impedance  *  6.22%.  This  value  is 

slightly  over  the  tolerance  value. 

Temperature  Rise  AA  measured  (Celsius)  maximum  =  54.5 

Impulse  Test  All  tests  passed  at  30kV. 

Appl_ed  Potential  Passed,  no  problems  detected. 

Induced  Potential  Passed,  no  problems  detected. 

Partial  Discharge  This  transformer  had  to  be  partial  discharge 

tested  in  transformer  test  bay  #1.  No 
problems  were  detected. 

All  factory  tests  passed.  Note  that  a  stripped  out  insulator  on 
the  primary  bus  was  detected  and  replaced.  During  the  impulse 
testing  intermittent  problems  were  encountered  while  testing  the  H3 
terminal.  Nothing  was  found  out  of  order  with  the  transformer. 
The  *  St  gear  was  reset  then  the  tests  were  rerun  and  each  test 
pass.  ;  withe  .t  incident.  The  problem  was  thus  assumed  to  be  in  the 
test  equipment. 
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Shop  Order  #2901 

This  transformer  is  a  1500kVA  outdoor  retrofit  padmount  unit.  It 
has  a  12000V  delta  primary  and  a  480/277V  secondary.  The  following 
tests  were  performed  on  this  unit: 


TEST 


STATUS 


Coil  Resistance 
Turns  Ratio  Test 
Pol.  &  Ph.  Rot. 
No-Load  Loss 

Load  loss 

Impedance 

Temperature  Rise 
Impulse  Test 
Applied  Potential 
Induced  Potential 
Partial  Discharge 

All  tests  on  this 


See  test  sheet. 

See  test  sheet. 

Tests  okay. 

The  measured  no-load  loss  =  3689  watts.  This 
is  below  the  guaranteed  maximum  of  3900  watts. 

The  measured  load  loss  =  9441  watts.  this  is 
below  the  guaranteed  maximum  of  9600  watts. 

The  measured  impedance  =  5.6%.  This  is  within 
tolerance. 

AA  temperature  (celsius)  maximum  =  67.4 

Passed,  no  problems  detected. 

Passed,  no  problems  detected. 

Passed,  no  problems  detected. 

This  transformer  had  an  uncharacteristically 
good  response  under  the  partial  discharge 
test.  No  problems  were  detected. 

unit  went  well.  No  problems  were  identified. 


Shop  Order  #2902 

This  transformer  is  a  ISOOkVA  outdoor  retrofit  padmount  unit.  It 
has  a  12G00V  delta  connected  primary  and  a  480/277V  grounded  wye 
secondary.  It  will  be  installed  to  replace  a  temporary  3750kVA 
unit  substation.  The  existing  primary  switch  will  be  re-installed. 
The  following  tests  were  performed  on  this  unit: 

TEST  STATUS 

Coil  Resistance  See  test  sheet. 

Turns  Ratio  Test  See  test  sheet. 


Pos.  &  Ph.  Rot. 


Tests  okay. 
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No-Load  Loss  The  measured  no-load  loss  =  3759  watts.  This 

value  is  below  the  guaranteed  maximum  of  3900 
watts . 

Load  loss  The  measured  load  loss  =  9429  watts.  This 

value  is  below  the  guaranteed  maximum  of  9600 
watts . 


Impedance 

Temperature  Rise 
Impulse  Test 
Applied  Potential 
Induced  Potential 
Partial  Discharge 


The  measured  impedance  =  5.77%. 

tolerance . 

Not  received  yet. 

Passed,  no  problems  detected. 

Passed,  no  problems  detected. 

Passed,  no  problems  detected. 

Passed. 


Within 


The  tests  were  all  performed,  however,  the  certified  test  report 
has  not  been  received.  The  report  was  inadvertently  not  placed  in 
the  transmittal  package.  The  test  results  presented  for  this  unit 
were  taken  directly  from  my  field  notes.  The  temperature  rise 
information  is  not  available  as  I  did  not  witness  the  overnight 
temperature  rise  tests.  The  data  will  be  reviewed  when  the 
certified  test  report  is  received.  Two  of  the  high  voltage  bus 
sections  have  very  sharp  edges.  These  edges  cause  very  high  stress 
regions  on  the  bus  bars.  1  recommended  that  they  grind  the  edges 
smooth  to  eliminate  this  problem.  They  agreed  that  it  could  cause 
a  problem  and  stated  that  they  would  eliminate  the  sharp  edges. 
Several  problems  were  observed  while  performing  the  partial 
discharge  tests.  A  majority  of  the  problems  were  corrected  by 
removing  the  buswork  and  adjusting  the  test  apparatus  connections 
to  the  coils.  It  was  determined  that  no  problems  existed  in  the 
transformer  coils.  Removal  of  the  sharp  edges  should  eliminate  a 
majority  of  the  remaining  problems. 


Shop  Order  #2903 

This  unit  has  not  been  built.  It  is  scheduled  for  construction  by 
late  November.  No  tests  were  performed  on  this  unit. 


Shop  Order  #2904 

This  transformer  is  a  500kVA  outdoor  padmount  unit.  It  has  a 
12000V  delta  primary  and  a  4  -/277V  secondary.  The  following  tests 
were  performed  on  this  unit- 
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TEST  STATUS 

Coil  Resistance  See  test  sheet. 

Turns  Ratio  Test  See  test  sheet. 

Pol.  &  Ph.  Rot.  Tests  okay. 

No-Load  Loss  The  measured  no-load  loss  =  2244  watts.  This 

is  under  the  guaranteed  maximum  of  2400  watts. 

Load  Loss  The  measured  load  loss  =  4499  watts.  This  is 

under  the  guaranteed  maximum  of  4700  watts. 

Impedance  The  measured  impedance  =  5.57%.  This  is 

within  tolerance. 

Temperature  Rise  Not  received  yet. 

Impulse  Test  All  tests  passed. 

Applied  Potential  Passed,  no  problems  detected. 

l.iduced  Potential  Passed,  no  problems  detected. 

Partial  Discharge  Passed. 

The  tests  were  all  performed,  however,  the  certified  test  report 
has  not  been  received.  The  report  will  be  sent  with  the  one  for 
unit  #2902.  The  data  will  be  reviewed  when  the  report  is  received. 
Note  that  this  unit  did  not  have  future  forced  air  fan  mounting 
brackets.  These  brackets  should  be  added  prior  to  shipping  from 
National  Industri.  They  informed  me  that  the  brackets  would  be 
added.  We  will  want  to  follow  up  in  the  field  and  verify  that  they 
did  get  installed. 


CONCLUSION: 

The  tests  went  well  in  spite  of  several  challenges.  Transformers 
#2897  through  2904  except  #2903  are  ready  for  installation.  Unit 
#2903  will  be  completed  in  late  november. 
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national  industri 

2520  58tn  Sir»et  Taiepnoo*  Tai«>  Teiela* 

Hampton  Virginia  23661  (804)836-8080  82-3646  (  604)838-8905 


TRANSMITTAL  LETTER 
FOR 

CERTIFIED  TEST  REPORT 

RE:  ABB  SERVICE  CO.  DATE:  'fCTl®''’ 

2382  E.  ARTESIA  BLVD. 

LONG  BEACH,  CA  90805  SHOP  ORDER  NO:  28970 

ATTENTION:  ROGER  RAT I CAN 

JOB  NAME :  TBA 

CUSTOMER:  ABB  SERVICE  CO  P.O.NO:  LS-01446-C 


We  are  transmitting  herewith  four  (4)  copies  of  the  Certified  Test 
Report  for  your  records. 

If  you  have  any  questions,  please  do  not  hesitate  to  contact  me. 


EB  CORPORATION  -  A  MEMBER  OF  THE  ASEA  BROWN  BOVERI  GROUP 

B-27 


EBs\.  NATIONAL  INDUSTRI 


PARTIAL  DISCHARGE  TEST  DATA 


SHOP  ORDER  02897-1 
STYLE  NO.  840750B057 
KVA  750 

TEST  DATE  OCTOBER  9,  1990 


*  TOP 

*** 

* 

%  VOLTAGE 

* 

l****«*****| 

COIL  1 

!*♦*** 

* 

COIL  2  *  COIL  3 

* 

* 

• 

* 

♦INCEPTION 

* 

*  *  * 

150 

* 

ft****l 

40  pc 

* 

20  pc 

* 

20  pc 

* 

* 

* 

* 

♦EXTINCTION 

* 

*** 

110 

* 

5  pc 

* 

10  pc 

* 

10  pc 

♦  BOTTOM 

*** 

* 

%  VOLTAGE 

* 

COIL  1 

COIL  2 

* 

COIL  3 

* 

* 

* 

♦INCEPTION 

* 

150 

* 

^  *  1 

10  pc 

* 

20  pc 

* 

50  pc 

* 

* 

* 

♦EXTINCTION 

* 

110 

* 

3  pc 

* 

10  pc 

* 

15  pc 

************************************************************************* 
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EB  CORPORATION  -  A  MEMBER  OF  THE  ASEA  BROWN  BOVE=  GROUP 


EBh.  NATIONAL  INDUSTRI 


2S2C  SBtn  SfMt 
Hampton  Virginia  23661 


Teiepnone  Teia> 

(804)  838-8080  82-3646 


Telefax 

1804)  838-8906 


TRANSMITTAL  LETTER 
FOR 

CERTIFIED  TEST  REPORT 

RE:  ABB  SERVICE  CO.  DATE:  '§CT  1 C 

2382  E.  ARTESIA  BLVD- 

LONG  BEACH,  CA  90805  SHOP  ORDER  NO:  28970 

ATTENTION:  ROGER  RATICAN 

JOB  NAME :  TBA 

CUSTOMER:  ABB  SERVICE  CO  P.O.NO:  LS-01446-C 

We  are  transmitting  herewith  four  (4)  copies  of  the  Certifieii  Test 
Report  for  your  records. 

If  you  have  any  questions,  please  do  not  hesitate  to  contact  me. 


Sincerely, 


Patty  Dorris 
Admin.  Assist.  Mkt. 


EB  CORPORATION  -  A  MEMBER  OF  THE  ASEA  BROWN  BOVERl  GROUP 
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NATIONAL  INDL'STRI 


40P  ORDER  02897-1 


CERTIFIED  TEST  REPORT 
STYLE  NO.  840750B057 


TEST  DATE  10-09-90 


DMINAL  VOLTAGE:  12000  Delta  /  480  Grd-Wye  Three  Phase  60  Hertz 

t'A:  750/1000  CLASS:  AA/FA  AVG  WDG  RISE:  75  DEG  C. 

.^SULATION  RATED  AT  185  DEGREE  C  BIL  (kv)  :  HV-  95  LV-  30 


lJSTOMER:  abb  SERVICE  CO. 

LONG  BEACH,  CA.  90805 


PO#  LS-01446-C 


KVA  *  NO  LOAD  *  *  TAP  *  LOAD  *  *  TOTAL  SERIES  * 

*  LOSSES  *  %  lex  *  *  LOSSES  *  %  2  *  RESISTANCE  g  95  C  * 

*  24  C  *  24  C  *  *  95  C  *  95  C  *  PRIMARY  SECONDARY  * 

*  (watts)  *  *  (volts)  *  (watts)  *  *  (ohms)  (ohms)  * 


*  * 

2491  *  0.906  *  12000 

*  * 


750  * 

* 


*  *  * 

5.21  *  7.02239  *  0.002762  * 

*  *  * 


NSI  STANDARD  IMPULSE  TEST  PERFORMED  AT  95  KV  BIL. 
A  MEASURED  TEMPERATURE  RISE  (C) :  HV  -  73.1  L 
A  MEASURED  TEMPERATURE  RISE  (C) :  HV  -  68.3  L 
MPEDANCE  AND  LOAD  LOSSES  AT  TAPS: 


OWER  FACTOR  TEST  PERFORMED  AT  2.5  K\’: 

-G  =  .747,  L-G  =  .350  AND  H-L  =  .436 


HV  - 

73.1 

LV  - 

60.8 

HV  - 

68.3 

LV  - 

51.1 

i-6)  =  5.28% 

SEE  ATTACHED 

AND  5787 
FOR  TEST 

WATTS . 

RESULTS . 

ERTI FI CATION: 
EST  TECHNICIAN 


ENGINEER 


/ 


NATIONAL  INDUSTRI  TRANSFORMERS,  INC. 
HAMPTON,  VA.  23661 
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ASIA 


B-28 

EB  CORPORATION  ■  A  member  OP  Tm£  ASEA  BROWN  BOvERi  GROUP 


A  NATIONAL  INDL'STRI 


PARTIAL  DISCHARGE  TEST  DATA 


SHOP  ORDER  02897-1 
STYLE  NO.  640750B057 
K\'A  7  50 

TEST  DATE  OCTOBER  9,  1990 


*  TOP 

* 

%  VOLTAGE  *  COIL  1 

COIL  2 

* 

COIL  3 

* 

* 

• 

* 

•INCEPTION 

* 

* 

150 

• 

40  pc 

20  pc 

* 

20  pc 

* 

* 

* 

* 

•EXTINCTION 

* 

110 

* 

5  pc 

10  pc 

* 

10  pc 

*  *  *  *  1 

*  BOTTOM 

* 

%  VOLTAGE 

* 

COIL  1 

COIL  2 

****« 

* 

COIL  3 

* 

* 

* 

* 

•INCEPTION 

* 

150 

* 

10  pc 

20  pc 

* 

*  *  *  *  1 

50  pc 

* 

* 

* 

* 

•EXTINCTION 

* 

110 

* 

3  pc 

10  pc 

* 

15  pc 

******************************** 

Ik  II 
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FSh.  NATIONAL  INDUSTRI 

252C  58tf  Stf»«!  Tecepnon*  Teiax  Telefax 

nampton.  Virginia  23661  (804)  836-6080  62-3646  (804)  838-8905 


TRANSMITTAL  LETTER 
FOR 

CERTIFIED  TEST  REPORT 

RE:  ABB  SERVICE  CO.  DATE;  ICI 1 1  M 

2382  E.  ARTESIA  SLVT). 

LONG  BEACH,  CA  90805  SHOP  ORDER  NO;  28980 

ATTENTION:  ROGER  RATI CAN 

JOB  NAME:  TBA 

CUSTOMER:  ABB  SERVICE  CO  P.O.NO:  LS-01446-C 


We  are  transmitting  herewith  four  (4)  copies  of  the  Certified  Test 
Report  for  your  records. 

If  you  have  any  question-,  please  do  :.ot  hesitate  to  contact  me. 


Sincere;y7\ 


Patty'^Dorris 
Admin.  Assist.  Mkt. 
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EB/l  national  industri 


*  CERTIFIED  TEST  REPORT  * 

SHOP  ORDER  02898-1  STYLE  NO.  810300B001  TEST  DATE  10-08-90 

NOMINAL  VOLTAGE:  480  Delta  /  208  Grd-Wye  Three  Phase  60  Hertz 

KVA:  300  CLASS:  AA  AVG  WDG  RISE:  65  DEG  C. 

INSULATION  RATED  AT  185  DEGREE  C  BIL  (kv) :  HV-  30  LV-  3C 

CUSTOMER:  ABB  SERVICE  CO.  PO#  LS-01446-C 

LONG  BEACH,  CA  90805 


*  *  * 

*  KVA  *  NO  LOAD  * 

*  *  LOSSES  * 

*  *  28  C  * 

*  *  (watts)  * 


*  * 

*  TAP  * 
\  lex  *  * 

28  C  *  * 


*  (volts)  * 


LOAD  *  * 

LOSSES  *  »  2  * 

85  C  *  85  C  * 

(watts)  *  * 


TOTAL  SERIES 
RESISTANCE  @  85  C 

PRIMARY  SECONDARY 
( ohms )  ( ohms ) 


* 

300  * 

* 

1318  * 

* 

1.692  * 

480 

* 

* 

* 

*  * 

3.16  *  0.03365  *  0.001662 

*  * 


★ 

* 

* 

* 

APPLIED 

VOLTAGE 

INDUCED  VOLTAGE 

* 

NOMINAL 

RATIO 

HV 

LV 

* 

400  Hz,  18  SEC. 

* 

* 

(kv) 

(kv) 

* 

(volts) 

* 

* 

H  H  A  H  1 

* 

^  M  M 

* 

^  H  1%  p» 

★ 

12 

4 

* 

416 

* 

A/B 

3.994 

* 

* 

* 

C/A 

3.993 

* 

* 

* 

B/C 

3.992 

* 

* 

* 

ANSI  STANDARD  IMPULSE  TEST  PERFORMED  AT  30  KV  BIL. 

AA  MEASURED  TEMPERATURE  RISE  (C) :  HV  -  49.3  LV  -  48.9 

IMPEDANCE  AND  LOAD  LOSSES  AT  TAPS: 

(1-2)  =  3.05%  AND  2720  WATTS,  (5-6)  «  3.18%  AND  3282  WATTS. 

PARTIAL  DISCHARGE  TEST  PERFORMED,  SEE  ATTACHED  FOR  TEST  RESULTS. 
POWER  FACTOR  TEST  PERFORMED  AT  2 . 5  KV: 

H-G  =  .379,  L-G  =  .539  AND  H-L  =  .292 


NATIONAL  INDUSTRI  TRANSFORMERS,  INC. 
HAMPTON,  VA.  23661 
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EB  CORPORATION  ■  A  MEMBER  OP  THE  ASEA  BROWN  BOVERi  GROu® 


SB/l  national  industri 


PARTIAL  DISCHARGE  TEST  DATA 


SHOP  ORDER  02898-1 
STYLE  NO.  810300B001 
KVA  300 

TEST  DATE  OCTOBER  8,  1990 


*  TOP  *  %  VOLTAGE  *  COIL  1  *  COIL  2  *  COIL  3  * 

*  «  *  *  *  * 

♦INCEPTION  ♦  150  *  32  pc  *  35  pc  ♦  32  pc  * 


*  BOTTOM  ♦  %  VOLTAGE  ♦  COIL  1  *  COIL  2  *  COIL  3  * 

*************************************************************************** 

*  *  *  *  *  * 

♦INCEPTION  *  150  ♦  35  pc  *  35  pc  ♦  31  pc  ♦ 
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EBh.  NATIONAL  INDUSTRI 


2520  58tn 

Hampton  Virginia  23661 


Teiapnona  Tewi 

(804/836-6080  82-3646 


Teieta* 

(804/  838-8905 


TRANSMITTAL  LETTER 
FOR 

CERTIFIED  TEST  REPORT 


RE:  A3B  SERVICE  CO. 

2382  E.  ARIESIA  BLVD. 
LONG  beach,  ca  9oaos 


0CT16  195D 

SHOP  ORDER  NO:  028990 


ATTENTION:  ROGER  RaTICAN 
JOB  NAME:  TBA 

CUSTOMER:  ABB  SERVICE  CO.  P.O.NO:  LS-01A4fa-C 

ue  a’"e  t  tt  i  ng  hereuitn  four  C4)  copies  of  the  Certified  Test 

Report  for  your  records. 

If  you  have  any  questions,  please  do  not  hesitate  to  contact  me. 


Sincere,!  y , 


Libby  5m’ 

Customer  Service  Supervisor 


Aft» 
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EB  CORPORATION  -  A  MEMBER  OF  THE  ASEA  BROWN  BOVERI  GROUP 


£S/l  national  industri 


SHOP  ORDER  02899-1 


CERTIFIED  TEST  REPORT 


STYLE  NO.  840750B056 


TEST  DATE  10-15-90 


NOMINAL  VOLTAGE:  12000  Delta  /  480  Grd-Wye 

KVA:  750/1000  CLASS:  AA/FA 

INSULATION  RATED  AT  185  DEGREE  C 


Three  Phase  60  Hertz 
AVG  WDG  RISE:  75  DEG.C 
BIL  (kv) :  HV-  95  LV-  30 


CUSTOMER:  ABB  SERVICE  CO.  PO#  LS-01446-C 

LONG  BEACH,  CA  90805 

**************************************************************************** 
*******  * 

*  KVA  *  NO  LOAD  *  *  TAP  *  LOAD  *  *  TOTAL  SERIES  * 

*  *  LOSSES  *  \  lex  *  *  LOSSES  *  %  Z  *  RESISTANCE  0  95  C  * 

*  *  22C*22C*  *  95C*95C*  PRIMARY  SECONDARY  * 

*  *  (watts)  *  *  (volts)  *  (watts)  *  *  (ohms)  (ohms)  * 

**********«***************************************************************1t* 
**  **  *  **  *  * 

*  750  *  2022  *  0.647  *  12000  *  5159  ♦  5.41  *  6.02399  *  0.002718  * 

*  *  *  **  *  * 
************************«**«**************************<******^*************** 


* 


* 


* 


* 


*  APPLIED  VOLTAGE  *  INDUCED  VOLTAGE  *  NOMINAL  RATIO  * 

*  HV  LV  *  400  H2,  18  SEC.  *  * 

^  (kv)  (kv)  *  (volts)  *  * 

*  *  *  * 


* 

34 

4 

* 

960 

* 

A/B 

43.271 

★ 

* 

* 

* 

C/A 

43.259 

* 

* 

* 

* 

B/C 

43.260 

★ 

*  *  *  ★ 
**************************************************************************** 


ANSI  STANDARD  IMPULSE  TEST  PERFORMED  AT  95  KV  BIL. 


AA 

MEASURED 

TEMPERATURE 

RISE 

(C)  : 

HV  - 

63.6 

LV  - 

63.2 

FA 

MEASURED 

TEMPERATURE 

RISE 

(C)  ; 

HV  - 

56.9 

LV  - 

50.2 

IMPEDANCE  AND  LOAD  LOSSES  AT  TAPS: 

(1-2)  =  5.33%  AND  5020  WATTS,  (5-6)  =  5.52%  AND  5340  WATTS. 

PARTIAL  DISCHARGE  TEST  PERFORMED,  SEE  ATTACHED  FOR  TEST  RESULTS. 
POWER  FACTOR  TEST  PERFORMED  AT  2 . 5  KV: 

H-G  =  .605,  L-G  =  .495  AND  H-L  =  .182 

CERTIFICATION: 

TEST  TECHNICIAN 

y 

NATIONAL  INDUSTRI  TRANSFORMERS,  INC. 
HAMPTON,  VA.  23661 
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EB  CORPORATION  ■  A  MEMBER  Of  THE  ASEA  BROA/N  BO/ERi  GROUP 


NATIONAL  INDUSTRI 


PARTIAL  DISCHARGE  TEST  DATA 


SHOP 

ORDER 

C2899-1 

STYLE 

NO. 

840750B056 

KVA 

750 

TEST 

DATE 

OCTOBER  15,  1990 

*  TOP  *  %  VOLTAGE  *  COIL  1  *  COIL  2  *  COIL  3  * 

*  *  ■*  *  *  * 

‘INCEPTION  *  150  *  5  pc  *  3  pC  *  5  pc  ‘ 

A  4  A  it  it  i[ 

‘EXTINCTION  ‘  110  *  0  pc  *  0  pc  *  0  pc  * 


*  BOTTOM  ‘  %  VOLTAGE  *  COIL  1  *  COIL  2  *  COIL  3  * 

*  *  *  *  *  * 

‘INCEPTION  *  150  *  5  pc  *  3  pc  *  3  pc  * 

*  *  *  *  *  * 

‘EXTINCTION  ‘  110  ‘  5  pc  *  3  pc  *  3  pc  * 
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EB^  NATIONAL  INDUSTRI 

2520  SSn  Stre*t  Telephone  Teieit  Teielm 

Hampion  Virginia  23661  (604)  B3&-8080  62-3646  (804)  838-8905 


transmittal  letter 

FOR 

CERTIFIED  TEST  REPORT 


RE:  *5B  SERVICE  CO. 

2362  E.  ARTESIA  BlvD. 
LC1N(i  beach,  Ca  90805 


'ten*  ISM 

SHOP  ORDER  NO:  029000 


AT’ENTION:  ROGER  RAT  I CAN 
JOB  NAME:  T5A 

CL'StQmER:  A5S  SERVICE  CO.  P.O.NO:  L5-0U4fc-C 

Le  a’^e  t-ansH  i  tT  i  ng  hereuitH  four  CA>  copies  of  the  Certified  Test 
Reoort  for  your  records. 

If  you  have  any  questions,  please  do  not  hesitate  to  contact  me. 


S i ncere 1 y ,  '  ^ 

Li  coy  Sm^h 

Customer  Service  Supervisor 
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EB  CORPORATION  •  A  MEMBER  OF  THE  ASEA  8RO\A/N  BOVERl  GROUP 


NATIONAL  INDUSTRI 


SHOP  ORDER  02900-1 


CERTIFIED  TEST  REPORT 

STYLE  NO.  810500B001  TEST  DATE  10-10-90 


NOMINAL  VOLTAGE:  480  Delta  /  208  Grd-Wye  Three  Phase  60  Hertz 

KVA:  500/667  CLASS:  AA/FFA  AVG  WDG  RISE:  75  DEG  C. 

INSULATION  RATED  AT  185  DEGREE  C  BIL  (kv) :  HV-  30  LV-  30 

CUSTOMER:  ABB  SERVICE  CO.  PO#  LS-01446-C 

LONG5EACH,  CA  90805 

*  *  *  *  *  ★  * 

*  KVA  *  NO  LOAD  *  *  TAP  *  LOAD  *  *  TOTAL  SERIES 

*  *  LOSSES  *  %  lex  *  *  LOSSES  *  %  Z  *  RESISTANCE  g  95  C 

*  *  25C*25C*  *  95C*95C*  PRIMARY  SECONDARY 

*  *  (watts)  *  *  (volts)  (watts)  *  *  (ohms)  (ohms) 


ANSI  STANDARD  IMPULSE  TEST  PERFORMED  AT  30  KV  BIL. 

AA  MEASl'RED  TEMPERATURE  RISE  (C)  :  HV  -  53.1  LV  - 


54.5 


PARTIAL  DISCHARGE  TEST  PERFORMED,  SEE  ATTACHED  FOR  TEST  RESULTS. 
POWER  FACTOR  TEST  PERFORMED  AT  2.5  KV: 

K-L  =  .296,  H-G  =  .605  &  L-G  =  .338 

IMPEDANCE  AND  LOAD  LOSSES  AT  TAPS: 

(1-2)  =  6.11%  AND  6442  WATTS,  (5-6)  =  6.32%  AND  6122  WATTS 


CERTIFICATION: 
TEST  TECHNICIAN. 


ENGINEER  'C 


NATIONAL  INDUSTRI  TRANSFORMERS,  INC. 
HAMPTON,  VA.  23661 


A  UU 
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EB  CORPORATION  -  A  MEMBER  OF  ThE  ASEA  BROV.'N  BOVERi  GROJP 


FB/l  national  industri 


PARTIAL  DISCHARGE  TEST  DATA 


SHOP  ORDER 
STYLE  NO. 
KVA  500 
TEST  DATE 


02900-1 

810500B001 

OCTOBER  10,  1990 


in 

%  VOLTAGE 

HHI 

* 

COIL  2 

* 

COIL  3 

* 

* 

* 

* 

* 

* 

•INCEPTION 

* 

k*** 

150 

* 

k****l 

30  pc 

* 

k***** 

35  pc 

* 

****1 

30  pc 

k*« 

*  BOTTOM 

k*** 

k  *** 

%  VOLTAGE 

k«***i 

* 

COIL  1 

* 

COIL  2 

* 

COIL  3 

k  4 

* 

* 

* 

* 

* 

* 

1  H  H 

4 

•INCEPTION 

* 

150 

* 

32  pc 

* 

35  pc 

* 

32  pc 

* 

il  III! 
mpli 
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TRANSFORMER  IMPULSE  TEST  REPORT 
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rMtn  USA  Stanearo  Tasi  Ccoa 
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NATIONAL  INDUSTRI 


2S20  SBtn  Sirvet 
h»mpton.  Virginia  23661 


Teiepno'^e 
(804)  638-8080 


Tem 

82-3646 


Te(e*a« 

(804)  838-8905 


r?AK£?;:TTAl  littea 


CEr.TlF'EE  TEST  RE®''r 


FE:  ABE  SERVICE  CO. 

E.  ARCESIA  rlVE. 
LONG  BEACH,  CA  ?CSC5 


DATE: 


SHOP  0  F.  C  E  R  K  0  : 


ATTENTION:  P.CC-EP.  PATICAN 


JOB  NA.‘*E:  TEA 


r.c.NO:  '_s-e.;4e- 


v;-»  ar-r  tr3r.E-i*.t:r.;  her-;v/ith  four  (4)  copies  cf  t.He  Certifiee 


-  .■..■•.•4  i~y  cue  £  0 1  I ,  p.rise  do  r.pz  .“■.esicace  tc  ccr.i.nci  c.e 


Sincerely, 


LiiJpy  Smyth 

Customer  Service  Supervise 


ABR 
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EB  CORPORATION  -  A  MEMBER  OF  THE  ASEA  BROWN  BOVERl  GROUP 


NATIONAL  INDL'STRI 


CERTIFIED  TEST  REPORT 

;H0P  order  02901-1  STYLE  NO.  841500B109  TEST  DATE  10-08-90 

(OMINAL  VOLTAGE:  12000  Delta  /  480  Grd-Wye  Three  Phase  60  Hertz 

rVA:  1500/2000  CLASS:  AA/FFA  AVG  WDG  RISE:  75  DEG  C. 

:NSULAT10N  rated  at  185  DEGREE  C  BIL  (kv)  :  PIV-  95  LV-  30 


CUSTOMER:  ABB  SERVICE  CO.  PO#  LS-01446-C 

LONG  BEACH,  CA  90805 

(**********«************•******************************************★★******* 


* 

« 

* 

* 

* 

* 

KVA  * 

NO  LOAD 

* 

* 

TAP 

* 

LOAD 

* 

★ 

TOTAL  SERIES 

* 

LOSSES 

* 

%  lex  * 

* 

LOSSES 

* 

%  2 

* 

RESISTANCE  §  95  C 

it 

* 

23  C 

* 

23  C  * 

* 

95  C 

* 

95  C 

★ 

PRIMARY  SECONDARY 

it 

★ 

(watts) 

* 

* 

(volts) 

* 

(watts) 

* 

* 

(ohms)  (ohms) 

it 

it 

« 

APPLIED 

VOLTAGE 

» 

HV 

LV 

★ 

(kv) 

(kv) 

* 

* 

34 

4 

* 


*  INDUCED  VOLTAGE 

*  400  HZ,  18  SEC. 

*  (volts) 

* 

★  960 

* 

* 

* 


*  * 


* 

it 

* 

NOMINAL 

RATIO 

it 

it 

A/B 

43.285 

* 

C/A 

43.255 

* 

B/C 

43.265 

* 

ANSI  STANDARD  IMPULSE  TEST  PERFORMED  AT  95  KV  BIL. 

AA  MEASURED  TEMPERATLT^E  RISE  (C)  :  HV  -  67.4  LV  -  64.8 

IMPEDANCE  AND  LOAD  LOSSES  AT  TAPS: 

(1-2)  =  5.51%  AND  9129  WATTS,  (5-6)  =  5.77%  AND  9794  WATTS. 

PARTIAL  DISCHARGE  TEST  PERFORMED,  SEE  ATTACHED  FOR  TEST  RESULTS. 
POWER  FACTOR  TEST  PERFORMED  AT  2.5  KV: 

K-G  =  .224,  L-G  =  .501  AND  K-L  =  .196 

CERTIFICATION: 

TEST  TECHNICIAN 


ENGINEER 


NATIONAL  INDUSTRI  TRANSFORMERS,  INC. 
HAMPTON,  VA.  23661 


iL  El  El 
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EB  COaoORATiON  ■  A  VEWBER  Of  THE  ASEA  BBOWN  eO-EBi  GBO'jc 


NATIONAL  INDUSTRI 


PARTIAL  DISCHARGE  TEST  DATA 


SHOP  ORDER 
STYLE  NO. 
KVA  1500 
TEST  DATE 


02901-1 

841500B109 

OCTOBER  8,  1990 


*  TOP  *  %  VOLTAGE  *  COIL  1 

*  *  * 

♦INCEPTION  *  150  *  30  pc 

*  *  * 

♦EXTINCTION  *  110  ♦  0  pc 

********************************************* 


COIL  2  ♦  COIL  3  ’ 

*  t 

5  pc  *  20  pc  > 

*  , 

0  pc  ♦  0  pc  ' 


♦  BOTTOM  ♦  %  VOLTAGE  ♦  COIL  1  ♦  COIL  2  ♦  COIL  3 

*  *  *  *  *  - 

♦INCEPTION  ♦  150  ♦  30  pc  ♦  3  pc  ♦  25  pc 

*  *  *  *  * 

♦EXTINCTION  ♦  110  *  0  pc  ♦  0  pc  *  0  pc 


JL  l» 

mtii 

•  «.*  t  peo**.  e  '  »c« 
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EB  COPIDORATiON  -  A  MEMBER  OF  THE  ASEA  BROWN  BOVERi  GROUP 


NATIONAL  INDUSTRI  j 

TUkMVOtttaa.  i*K.  ]  *•'•!  82-3646  SECTION  B-7 


TRANSFORMER  IMPULSE  TEST  REPORT 
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B-62 


Caia 


NATIONAL  INDUSTRI 


2520  5«in  Sir**t 
Hampton.  Virginia  23661 


Taiepnona  Taiax 

(804)  836-8080  82-3646 


Teieiai 

18041  638-8905 


TRANSMITTAL  LETTER 


FOR 


CERTIFIED  TEST  REPORT 

DATE:  KTifilSJO 
SHOP  ORDER  NO:  29020 

ATTENTION;  ROGER  RATICAN 
JOB  NAME :  TBA 


RE:  ABB  SERVICE  CO. 

2382  E.  ARTESIA  BLVD. 
LONG  BEACH,  CA  90805 


CUSTOMER:  ABB  SERVICE  CO 


P.O.NO:  LS“01446“C 


We  are  transmitting  herewith  four  (4)  copies  of  the  Certified  Test 
Report  for  your  records. 


If  you  have  any  questions,  please  do  not  hesitate  to  contact  me. 

Sincere^ 

7u^ 

^atty  i)orris 
Admin.  Assist.  Mkt. 


ill 


B-66 


EB  COR-  rATION  -  A  MEMBER  Or  THE  ASEA  BROWN  BOVERI  GROUP 


£B/l.  national  industri 


CERTIFIED  TEST  REPORT 

SHOP  ORDER  02902-1  STYLE  NO.  841500B110  TEST  DATE  10-09-90 

NOMINAL  VOLTAGE:  12000  Delta  /  480  Grd-Wye  Three  Phase  60  Her 

rvA:  1500/2000  CLASS:  AA/FFA  AVG  WDG  RISE:  75  DEG  C. 

INSULATION  RATED  AT  185  DEGREE  C  BIL  ()cv)  :  HV-  95  LV- 


CUSTOMER:  ABB  SERVICE  CO.  PO/  LS-01446-C 

LONG  BEACH,  CA  90805 


*  KVA  *  NO  LOAD  *  *  TAP  *  LOAD  *  *  TOTAL  SERIES 

*  *  LOSSES  *  %  lex  *  *  LOSSES  *  %  2  *  RESISTANCE  §  95  C 

*  *  29C*29C*  *  95C*95C*  PRIMARY  SECONDAR 

*  *  (watts)  *  *  (volts)  *  (watts)  *  *  (ohms)  (ohms) 

************************************************************************* 
**  **  *  **  * 

*  1500  *  3759  *  0.746  *  12000  *  9428  *  5.77  *  2.40637  *  0.00131 

**  **  *  **  * 


*  *  * 

*  APPLIED  VOLTAGE  *  INDUCED  VOLTAGE  *  NOMINAL  RATIO 

*  HV  LV  *  400  Hz,  18  SEC.  * 

*  (kv)  (kv)  *  (volts)  * 


* 

960  *  A/B  43.303 

*  C/A  43.289 

*  B/C  43.289 

* 


ANSI  STANDARD  IMPL^SE  TEST  PERFORMED  AT  95  KV  BIL. 

IMPEDANCE  AND  LOAD  LOSSES  AT  TAPS; 

(1-2)  =  5.65%  AND  9192  WATTS,  (5-6)  =  5.91%  AND  9872  W» TTS 

PARTIAL  DISCHARGE  TEST  PERFORMED,  SEE  ATTACHED  FOR  TEST  RESULTS. 
POWER  FACTOR  TEST  PERFORMED  AT  2.5  KV; 

H-L  =  .235,  H-G  ■  .201  k  L-G  -  .476 


NATIONAL  INDUSTRI  TRANSFORMERS,  INC. 
HAMPTON,  VA.  23661 


a  iiii 


mtip 


aSEa  BSOWN  BOvfa 
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E5  COR'^OPATlON  •  A  WEMSER  OE  The  ASEA  BRO^VN  BOv'ERi  GROU-* 


EB»\.  NATIONAL  INDUSTRI 


PARTIAL  DISCHARGE  TEST  DATA 


SHOP  ORDER  02902-1 
STYLE  NO.  841500B110 
KVA  1500 

TEST  DATE  OCTOBER  9,  1990 


*  TOP 

*** 

%  VOLTAGE  ♦ 

COIL  1 

♦  COIL  2 

k************* 

♦  COIL  3 

♦INCEPTION 

P 

P 

PPP 

P 

150  * 

10  pc 

k*************** 

*  40  pc 

P 

*  30  pc 

kppppppppppppp 

♦EXTINCTION 

P 

P 

PPP 

p 

110  ♦ 

0  pc 

♦  15  pc 

* 

♦  10  -'C 

»*******•«**** 

♦  BOTTOM 

P 

%  VOLTAGE  ♦ 

COIL  1 

P 

^PPPPP4 

con  2 

kPPPP '  Pppp 

P 

PPPP4 

COIL  3 

P 

P 

P 

P 

P 

♦INCEPTION 

P 

PPP 

150  ♦ 

PPPPPPPPPPPPPPi 

20  pc 

P 

40  pc 

P 

PPPP1 

20  pc 

P 

P 

P 

P 

P 

♦EXTINCTION 

P 

110  ♦ 

10  pc 

P 

15  pc 

P 

4  pc 

************** 


**************** 


**************************** 
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SB  CORPORATION  ■  A  member  OF  THE  ASEA  BROWN  BCMERi  GROUP 


NAT10P4AL  INDUSTRl 
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TRANSFORMER  IMPULSE  TEST  REPORT 
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y^i'  y^t’ 


EBi\.  NATIONAL  INDUSTRI 


CERTIFIED  TEST  REPORT 

SHOP  ORDER  02904-1  STYLE  NO.  840500B050  TEST  DATE  09-19-90 

NOMINAL  VOLTAGE:  12000  Delta  /  480  Grd-Wye  Three  Phase  60  Hert: 

r.’A:  500/666  CLASS:  AA/FFA  AVG  WDG  RISE:  75  DEG  C. 

INSLTLATION  RATED  AT  165  DEGREE  C  BIL  (kv)  :  HV-  95  LV-  3C 

CUSTOMER:  ABB  SERVICE  CO.  PO/  LS-01446-C 

LONG  BEACH,  CA.  90805 


*  *  *  *  *  *  * 

*  KVA  *  NO  LOAD  *  *  TAP  *  LOAD  *  *  TOTAL  SERIES 

*  *  LOSSES  *  \  lex  •  *  LOSSES  *  %  1  *  RESISTANCE  @  95  C 


*  *  26  C  *  26  C  *  ”  95  C  *  95  C  *  PRIMARY  SECONDARY 

*  *  (watts)  *  *  (volts)  •  (watts)  *  *  (ohms)  (ohms) 


* 

« 

* 

* 

APPLIED 

VOLTAGE 

* 

INDUCED  VOLTAGE 

* 

NOMINAL 

RATIO 

* 

HV 

LV 

* 

400  Hz,  13  SEC. 

* 

« 

(kv) 

(kv) 

* 

(volts) 

* 

*  *  %lr  1 

k****«***** 

lr«****ik*4 

* 

* 

* 

* 

34 

4 

* 

960 

* 

A/B 

43.267 

* 

* 

* 

C/A 

43.253 

★ 

* 

★ 

B/C 

43.260 

* 

* 

* 

ANSI  STANDARD  IMPULSE  TEST  PERFORMED  AT  95  KV  BIL. 

AA  MEASURED  TE.MPERATURE  RISE  (C)  :  HV  -  66.6  LV  -  54.0 

IMPEDANCE  AND  LOAD  LOSSES  AT  TAPS: 

(1-2)  =  5.51%  AND  4344  WATTS,  (5-6)  =  5.73%  =  4638  WATTS 

PARTIAL  DISCHARGE  TEST  PERFORMED,  SEE  ATTACHED  FOR  TEST  RESULTS. 
POWER  FACTOR  TEST  PERFORMED  AT  2.5  KV: 

H-L  =  .186,  H-G  =  ,182  &  L-G  =  .677 

CERTIFICATION: 

TEST  TECHNICIAN  ^  ^  ^  '  _  ENGINEER 


NATIONAL  INDUSTRI  TRANSFORMERS,  INC. 
HAMPTON,  VA.  23661 


IFjBA.  national  INDUSTR! 

2520  sem  Si'M!  Tei^onon*  Tewa  Teitii, 

Hamptor.  Virginia  23661  (804)638-8080  82-3646  (  804)836-8905 


TRANSMITTAL  LETTER 
FOR 

CERTIFIED  TEST  REPORT 

RE:  ABB  SERVICE  CO.  DATE:  CCI  1 6  ISSfi 

2382  E.  ARTESIA  BLVD. 

LONG  BEACH,  CA  90805  SHOP  ORDER  NO:  29040 

ATTENTION:  ROGER  RATI CAN 

JOB  NAME :  TBA 

CUSTOMER:  ABB  SERVICE  CO  P.O.NO:  LS-01446-C 


We  are  transmitting  herewith  four  (4)  copies  of  the  Certified  Test 
Report  for  your  records. 

If  you  have  any  questions,  please  do  not  hesitate  to  contact  me. 


.  Mkt. 


ABB 


E9  CORPORATION  -  A  MEMBER  OF  THE  ASEA  BROWN  BOVERl  GROUP 


NATIONAL  INDUSTRI 


PARTIAL  DISCHARGE  TEST  DATA 


SHOP  ORDER  02904-1 
STYLE  NO.  840500B050 
KVA  500 

TEST  DATE  OCTOBER  11,  1990 


*  BOTTOM  *  %  VOLTAGE  *  COIL  1  *  COIL  2  *  COIL  3  ’ 


A  l»l» 


*S!  I  8»OwN  80  .  !« 


B-75 

E3  CORPCX’ATION  -  A  MEMBER  OF  THE  ASEA  BROWN  BOVERi  GROU® 
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ENERGIZE  TRANSFORMER  BEFORE  CHANGING  TAPS.  6“  137489 


ARB 
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Appendix  C 

Operating  and  Maintenance  Manuals 
and  Product  Information 


c-i 


August,  1905  Manual  7421-1 

SMC— faWM*'  »47»  1  Dw««  C»**«»*  1*31  A»i<  MS}| 

Instructions  for  Receiving,  Installing 
Operating  and  Maintaining 

DRY  TYPE 
TRANSFORMERS 


SQUARE  D  COMPAIvIY 


INSTRUCTION 
manual  7421-1 


DRY  TYPE  TRANSFORMERS 


A 


Guide  For  The 

Operation  And  Maintenance  Of 
Indoor  Ventilated  Dry  Type  Transformers 


Tins  insiructicn  manual  cmi-rs  rcncra!  recoinmcniiaiions 
for  ilie  orctauon  and  niainienaiK'e  of  dry  type  disiribu- 
lion  and  power  transformers. 

Tiic  successful  operation  of  these  transformers  is  depen¬ 
dent  on  I'.'opc;  instalialion ,  luadinp  and  maintenance  as 
vcell  as  on  proper  dcsipn  aiul  inaiuifactuic  As  wnli  all 
electric  apparatus,  ncdect  of  certain  fundamental  requiic- 
inents  nia>  lead  to  serious  trouble,  if  not  to  the  loss  of 
tiie  equipment.  For  this  reason,  a  wide  distribution  of 
information  m  repard  to  the  care  of  dr\  type  transformers 
IS  important,  and  these  brief  instructions  arc  published  for 
that  purpose. 

In  addition  to  the  use  of  this  puide,  the  factory  may  be 
consulted  for  specific  rcconimendalioiis  on  special  condi¬ 
tions.  .Mso  reference  may  be  made  to  other  publications, 
some  of  winch  are  listed  in  the  Appsndi.\. 

INSTALLATION 
A.  Location 

Factors  which  should  be  kept  clearly  in  mind  in  localinc 
diy  type  transformers  arc  accessibility,  vcr.tilation  and 
a iinosphcr  1C  conditions. 

\’entiia:cd  dry  tire  transformers  normally  arc  desicned 
for  installation  indoors  in  dry  locatic'ns.  They  will  oper¬ 
ate  successfullv  where  the  humidity  is  Inch  but  under  tins 
condition  il  may  be  necessary  to  take  precautions  to  keep 
tlicn:  dry  i,''  iliei  arc  shut  down  for  appreciable  periods. 
Tins  IS  discussed  more  fully  under  “Operation.”  Locations 
wiiere  liierc  is  urippinp  water  siiould  be  avoided.  If  this  is 
lu'i  possible,  suitable  protection  should  be  provided  to 
prevent  water  from  enicrinp  the  transformer  case.  Precau¬ 
tions  s.hould  be  la>.cn  to  pcarij  acainst  acciticnia)  entrance 
of  water,  such  as  michl  occur  from  an  open  window,  bv  a 
break  lit  a  water  or  steam  line,  oi  from  use  of  vvaicr  near 
tiie  transformers  Adceiuaic  vcntiialion  is  essential  for  the 
proper  cooiinc  of"  iransUnmers  Clean  drv  air  isdciirablc. 
Filtered  air  may  reduce  tnainicnancc  if  the  location  pre¬ 
sents  a  particular  problem.  Wiier.  transforincrs  arc  iiisiali- 
cd  in  vaults  or  otiier  restricted  spaces,  sufficient  vcnliia- 
tion  should  be  provided  to  hold  the  air  tcnipcraiurc  with¬ 


in  established  liiniis  when  measured  neat  the  transformer 
inlets.  This  usually  will  icquirc  a  iniiiiimim  of  100  cubic 
feel  of  air  per  nnnuic  per  kilowatt  of  iiansforincr  loss. 
The  area  of  icniilaimp  (ipcmnps  required  depciuls  on  tiie 
hcipltt  of  the  vault,  the  location  ol  opcninits,  and  tiie 
inaMimim  loads  to  be  carried  by  the  iransformcrs.  l  or 
sclf-coolcd  iiansloimcis.  the  icqiim..l  cficctivc  aica 
should  be  at  least  one  square  loot  each  ol  inlet  and  outlet 
per  100  K\'A  of  rated  Itaiisfurmer  cafijcitv  .  alici  deduc¬ 
tion  of  the  area  occu['ied  by  screens,  praimps  or  louvers. 

Ventilated  dry  type  transformeis  should  be  insialied  in 
locations  free  from  unusual  dust  jiroducing  mediums  or 
chemical  fumes.  Transformers  should  be  located  at  leas; 
IT  inches  from  walls  or  otiiei  obsinictions  that  might  pre¬ 
vent  free  circulation  of  air  through  and  around  each  unit. 
The  distance  betw  een  adiaceni  iranstormers  should  not  be 
less  titan  this  value,  AJsc.  accessibility  for  maintenance 
should  be  taken  into  account  in  locating  a  transformer.  If 
the  transformer  is  to  be  located  nea;  comDustibie  mate;- 
lais.  the  minimum  separations  established  by  liie  National 
Electrical  Code  should  be  maintained. 


The  transformci  case  i?  designed  to  prevent  I'.c  entrance 
of  most  small  animals  and  foreign  obiecis.  However,  re. 
some  locations,  it  may  be  necessary  to  give  consideration 
to  additional  piotcciion. 

In  general,  a  Fiat,  level  industrial  floor  is  adequate  and  no 
special  preparation  is  necessary  because  of  liic  base  con¬ 
struction  used  on  these  transformers  winch  completely 
eliminates  the  compheated  process  of  grouting  sills  into 
concrete  floors. 

if  noise  15  a  factor  ni  the  location  and  operation  of  am 
transformers.  snc,ial  consideration  siiould  be  p'cn  to  lliv 
instalialion  o',  tnc  cqui)inicn', . 

"File  impulse  sticncti;  ol  these  iransloiineis  is  less  lii.Tii 
that  o;'  liquid-immeiscd  uinis  of  the  same  volucc  class.  H 
there  is  anv  ImcimooJ  ib.a'.  iiansloimeis  will  be  expiosed 
to  lightning  or  severe  switching  suices.  adequate  piotc,- 
live  eqnipmen;  should  I'c  provided 
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Transformers  of  standard  temperature  rise  are  dcsipned  to 
operate  at  altitudes  up  to  and  iiicludinp  ,'300  feet.  Dry 
type  transformers  arc  dependent  upon  an  for  dissipation 
of  then  hca:  losses  and  conseoiicntl>  the  effect  of  de¬ 
creased  an  uensit)  due  to  liicl.  alliimie  is  it'  increase  tlie 
temperature  rise.  Standard  transfoimcrs  can  be  used  at 
altitudes  prcaicr  than  3300  feet  if  the  load  to  be  cairicd 
IS  reduced  below  nameplate  ratine  as  follows 


I.  If  the  transformer  is  drs  tspe.  self-cooled.  Class  AA. 


reduce  the  nameplate  ratnip  by  0.?7r  for  eacii  330  feet 
tiiai  tlic  aliiiudc  is  above  3300  feet. 

2  If  tlie  iransfotmer  is  a  dry  type,  forced  air  cooled, 
Class  AA.'FA.  reduce  tlie  nameplate  raiinp  b\  0.533 
for  eacIi  330  feet  lliat  the  altitude  is  above  3300  feet. 

if  tlie  maximum  24  hour  average  temperature  of  tlie  cool¬ 
ing  air  IS  reduced  below  design  levels,  the  altitude  limita¬ 
tion  of  3300  feet  can  be  safely  exceeded  wiiiiout  reducing 
the  nameplate  ratine  of  the  transformer  within  the  limita¬ 
tions  of  liic  table  below . 


Maximum  24-hour  Average  Temperature  of  Cooling  Air.  Degrees  C 


i 

Altitude 

Type  of 
Apparatus 

3300  Feet 
(1000 
Meters) 

6600  Feet 
(2000 
Meters) 

9900  Feet 

(3000 

Meters) 

13200  Feet 

(4000 

Meters) 

DRY-TYPE  CLASS 

AA 

80'C  rise 

30 

26 

22 

18 

1 15‘C  rise 

30 

24 

18 

12 

150‘C  ns* 

30 

22 

15 

7 

DRY-TYPE  CLASS 
AA/PA 

80'C  rise 

30 

22 

14 

6 

nS'C  rise 

30 

18 

7 

-5 

15C'C  rise 

30 

15 

0 

—1 5 

B.  Inspection 

'''Ow  transformers  should  be  inspected  when  received  for 
damage  during  shipment  E.xamination  should  be  made  be¬ 
fore  removing  from  cars  or  truCKS  and  if  any  injurx'  is 
eviden;  or  am  indication  of  rougii  liandiing  is  visible,  a 
claim,  sliould  be  fned  wnii  the  carrier  at  once  arid  the 
manufacturer  sliould  Dc  notified. 

Siii'scpucnih  .  covers  or  nancls  should  be  remoicd  and  an 
micmal  inspection  made  for  imur>  or  dispiaccmenl  of 
pans,  hios:  or  broker,  connectiuns.  ^racked  porcelain ,  dirt 
or  li'tcic'i  maiertil  and  fur  the  presence  of  free  water  or 
moisture  Corrective  measures  should  be  taken  where  ncc- 
essr.rs.  Snipping  braces  s'nouid  be  removed  if  provided. 

.After  a  transformer  Is  mo'cd.  or  if  it  is  stored  before 
instaliatK'n ,  tins  msrection  should  be  repeated  before 
placing  the  transformer  m  service. 


After  making  all  the  necessary  primari  and  secondary 
connections  the  equipment  should  be  tliorouglilv  inspect¬ 
ed.  Before  placing  in  service,  the  operation  of  fans,  motors, 
thermal  relays  and  other  auxiliary  devices  should  be 
cliecked.  All  tolled  connections  which  may  have  loosened 
in  shipment  must  be  tiglitcned  before  energizing.  Set 
torque  listing  below . 

Ktps  nuts  must  be  tightened  to  the  following  torque: 

Size  1/4  -  20  torque  4-6  foot  pounds 

Size  5  '16  —  18  torque  6-1 1  foot  pounds 
Size  3-8  -  1 6  lotque  1  5-20  foot  pounds 
Size  I, '2  -  1?  lotque  25  30  foot  pounds 

Do  not  over  tigliicn. 
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C.  Handling 

Lcrpc  C';.  l\pr  iruiisformcrs  are  corrcctK  i-.andiet!  3s 
siunvi  t'ciou  Till.'  niriiiod  will  prcvciii  caiiiacr  n>  tlic 
slier',  inc'.a!  cn;u)Surr  using  reasonable  care.  These  iraiis- 
K’rnieir  are  consiruaicu  on  a  licav>  .  rieiil  base  proviaci! 
u  iii,  ir.ic'e:.!.  ill  line  ucMues  a;  seci^  in  llir  piioKv  Thc\ 
nuis'  hr  iificd  oni\  from  liie  base  usiiie  proper  caulc 


spreader'  u  nrolecl  the  enrlosurc.  11  the>  inusl  be  tolled 
o!  Sf.ioucc.  use  lour  roller  SKid  doilies,  one  near  cacli  line 
p-a:  li,‘'tinp  device,  lo  preveiu  lippinp  and  disionion  o| 
base  and  enclosure 

Wjicn  vemilaicd  Iransforincrs  are  handled  or  stored  on! 
doors.  !iie\  iniisi  be  coinpicici>  pioiccieil  apaiii.si  ans  in 
clement  wcallicr  to  prevent  cntiaiicc  oi  ram  ot  snow 
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D.  Grounding 

Tiic  case  and  core  asscnibK  of  these  transfonners  siunild 
be  perinjiieniis  and  jdcquatcl\  pri'unded. 

2.  TESTING 

A.  Insulation  Resistance  —  Required 

1  GENERAL 

Tiic  insulation  resistance  icsi  is  of  value  for  fiiiiire  com¬ 
parative  purposes  and  also  for  ueteniiininf  the  suitability 


of  the  transformer  for  energizing  or  application  of  the 
high  potential  test.  THE  INSLLATION  RESISTANCE 
TEST  MUST  BE  SUC'CLSSFL'LLT'  COMPLETED  FOR 
FaCTORT'  \VARRANT^■  TO  BE  \  AL1U  INSULATION 
RESISTANCE  TEST  MUST  BE  CONDUCTED  IMMEDI¬ 
ATELY  PRIOR  TO  ENERGIZING  THE  TRANSFOPvM- 
ER  OR  BEGINNING  THE  DIELECTRIC  TEST. 

All  dr>  type  unit  subsialion  transformers  are  given  insula¬ 
tion  resistance  tests  at  the  factory.  These  values  are 
recorded  on  a  large  megger  test  tag.  facsiiniic  shown 
below,  attached  to  the  transformer. 


IMPORTANT  RIAD  CAREFULLY 

FOR  transformer  warranty  TO  BE  VALID,  THE  FOLLOWING  MEGGER  TESTS  MUST  BE 
made,  using  a  minimum  of  a  1000  VOLT  MEGGER.  IMMEDIATELY  PRIOR  TO  PLACING 
THIS  transformer  in  SERVICE.  BEFORE  USING  MEGGER  BE  SURE  TO  DISCONNECT 
LIGHTNING  ARRESTERS.  FAN  SYSTEM,  METERS.  OR  ANY  LOW  VOLTAGE  CONTROL  SYSTEM 
THAT  IS  CONNECTED  TO  ANY  WINDINGS  INVOLVED  IN  THIS  TEST.  THE  TABULATIONS 

BEiow  are  Values  obtained  on  the  factory  test  floor  using  looo  volt 

INSTRUMENT  WITH  A  2000  MEGOHM  SCALE.  IF  VALUES  OBTAINED  IN  THE  FIELD  TESTS 
ARE  LESS  than  1000  MEGOHM  OR  ONE-HALF  THE  FACTORY  TEST  VALUES  LISTED  BELOW 
whichever  is  the  lesser,  then  the  TRANSFORMER  SHOULD  NOT  BE  ENERGIZED  UNTIL 
IT  IS  DRIED  OUT  AS  DESCRIBED  IN  THE  INSTRUCTION  MANUAL  FOR  DRY  TYPE  TRANSFORMERS. 


transformer  serial  NO. 

DATE  TEMP.  '  C _  .  -  LOW  VOLTAGE  TO  GRD.  MEGS. 

L.V.  TO  H.V _ MEGS..  H.V.  TO  GRD _ MEGS.  BY _ 


<iaM.eii.oi 


1 1  the  I'js'  tar  1'  lo't  or  destroyed,  refe'  to  tiic  factory 
vUicrc  a  pcrii'..iiicn ;  record  of  tiiesc  lest  results  is  kept  on 
fiie 

Tiie  field  insuiaiioi;  resistance  test  must  be  conducted 
initiietiiaicl'  f'nor  to  ciicrgi.'inc  tiic  iransfornicr.  These 
values,  COKKICTlU  TO  FACTORY  TEST  TEMPERA¬ 


TURE  in  degrees  Centigrade,  must  be  either  1.000  meg¬ 
ohms  or  a  niinirnum  of  one-half  or  more  of  the  values 
obtained  in  the  factors  test  vsheii  this  value  is  less  than 
1.090  megohms.  If  the  corrected  ncid  test  values  arc  less 
than  tlie  above  miniimmi.  the  transformer  is  ct'iisideied 
unsafe  to  energize  and  must  be  uiied  using  pioccdurc 
described  under  mauucn.incc. 
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TEST  PROCEDURE 

a  If  thr  iransformcr  is  not  scheduled  to  be  enerpiied 
iiiintediaici> ,  it  is  recoiiiiiieiided  lliai  williin  one  neck 
afiei  teceivmp.  heat  be  piaced  unde;  ilie  tfansfonnci  to 
insure  dri  ness  for  niegper  lest. 

Six  150  watt  lamps  placed  under  the  transformer;  two 
lamps  under  each  coil,  one  on  each  side  of  the  cote 
.should  be  used  for  iransfi>rmcrs  ruled  I'SO  K\'A  and 
below  Lise  si.\  500  watt  L  nps  for  iransforniers  rated 
"51  to  2000  K\  A.  lira:  should  be  supplied  on  a  con¬ 
tinuous  Z'i  hour  per  dj\  basis.  \  cntilatiiig  openings 
slioiiiu  be  blocked  during  this  period. 

b.  Make  sure  transformer  is  clean  using  vacuum  cleaner 
to  insure  removal  of  all  foreign  material  that  may 
affect  insulation  resistance  lest  values. 

c.  Disconnect  ALL  high  voltage,  lov.'  voltage  and 
neutral  connections,  as  well  as  liglitning  arresters,  fan 
s>  stem,  meters  or  an\  low  voltage  control  system  that 
ts  connected  to  any  windings  involved  m  this  test.  Do 
not  disconnect  ground  connection  to  transformer 
frame. 

i  CAUTION  : 

TEMPERATURE  CONTROL  SYSTEM  (IF  FUR¬ 
NISHED;  MUST  BE  COMPLETELY  DISCONNECTED 
DURING  AN'i'  TRANSFORMER  TEST  SUCH  AS 
MEGULR.  DIELECTRIC  (III  POT),  DOHLE.  ETC.. 
TO  PREVENT  DESTRUCTION  Of  TEMPERATURE 
CONTROL  CIRCUITRY. 

d.  Before  beginning  megger  checks,  lumper  together  all 
high  voltage  connections  Make  sure  tumpers  are  clear 
of  all  steel  .md  grounded  parts.  Also  jumper  together 
aJ;  low  VO  :e  and  neutral  connections  again  making 
sure  jumpers  are  clear  of  all  steel  and  grounded  parts. 

e  Usmg  a  megger  with  a  minimum  scale  of  2.000 
mccoitms  and  minimum  rating  of  1.000  volts,  make 
megger  checks  with  the  megger  connected  as  follows 
(Sole  Each  megger  check  to  be  maintained  for  a  per¬ 
iod  of  one  minute.) 


(1)  Higli  voltage  to  ground 

(2)  Low  voltage  to  giound 

(.')  liigii  voltage  to  low  voltage 

f.  Megger  readings  sliould  be  recorded  along  with  test 
temperature  (‘C).  If  heat  lias  been  applied  to  trans¬ 
former.  determine  temperature  of  iransfnrmer  at  time 
of  test  by  placing  thermometer  on  lop  of  transformer 
core  and  allowing  time  for  thermometer  reading  to 
stabilize.  L'Sing  table  on  page  6.  determine  correction 
multiplier  and  imiliiply  field  test  megger  rcading.s  to 
obtain  temperature  corrected  field  test  megger  values. 

g.  If  corrected  field  lest  megger  value'  are  less  than 
one-half  of  factory  test  readings,  tin.  .ransformcr  is 
not  considered  safe  for  energizing  or  performing  di¬ 
electric  tests.  Transformer  should  be  dried  as  outlined 
under  maintenance  section. 

h.  If  the  corrected  field  test  values  are  one-half  or 
more  of  the  factory  readings  or  1.000  megohms, 
whichever  is  less,  the  transformer  is  considered  safe  for 
conducting  the  dielectric  test  or  energizing.  Trans¬ 
former  connections  should  be  remade  and  transformer 
energized  immediate);  after  completing  insulation  re¬ 
sistance  lest  if  dielectric  test  is  not  to  be  completed. 

B.  Dielectric  Test  —  Recommended 

1.  GENERAL 

Tlic  dielectric  test  imposes  a  stress  on  the  insulation  since 
tiic  dielectric  lest  voltage  is  liigjiet  tiian  the  normal  oper¬ 
ating  voltage.  Tlie  insulation  resistance  test  must  be  suc¬ 
cessfully  compicicd  iminediateli'  before  performing  the 
dielectric  test  to  prevent  die  possibility  of  transformer 
failure  due  to  moisture.  The  dielectric  test  supplements 
the  megger  tests  by  determining  the  suitability  of  the 
transformer  for  operation  at  rated  voltage. 

Field  test  voltages  sliould  not  exceed  "550  of  factory  test 
values.  For  routine  periodic  checks  test  voltage  siiouid  be 
657c  of  factory  test  voltage.  TTie  high  poientia'  lest  set 
must  be  variable  to  allow  a  gradual  increase  of  test  voltage 
from  zero  and  gradual  decrease  after  test  is  completed 
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Foliowinf:  is  a  lablf  sliowmf  faciorv  dielectric  test  voliapes  wit’  .  coininendcd  field  and  periodic  test  voltapcs  relative  to 
tlic  rated  voltage  of  the  respective  windings. 


1  Transformer 

1  Windino  Rated 

A.C.  Voltage 

Factory 

Test 

A.C.  Voltage 

Recommended 
Field  Test 

A.C.  Voltage  (75°/ol 

Recommended 
Periodic  Test 

A.C.  Voltage  (65%) 

1.2 

KV  &  below 

4 

KV 

3.0 

KV 

2.6 

KV 

2  4 

KV 

10 

KV 

7.5 

KV 

6.5 

KV 

4  16 

KV 

12 

KV 

9.0 

KV 

7.8 

KV 

4.8 

KV 

12 

KV 

9.0 

KV 

7.8 

KV 

6  9 

KV 

19 

KV 

14.25 

KV 

12.35 

KV 

7.2 

KV 

19 

KV 

14.25 

KV 

12.35 

KV 

6.32 

KV 

19 

KV 

14.25 

KV 

12.35 

KV 

12.0 

KV 

31 

KV 

23.25 

KV 

20.15 

KV 

12  47 

KV 

31 

KV 

23.25 

KV 

20.15 

KV 

12.2 

KV 

31 

KV 

23.25 

KV 

20.15 

KV 

13.8 

KV 

31 

KV 

23.25 

KV 

20.15 

KV 

Under  sonic  conditions,  transformers  may  be  subjected  to  a  periodic  insulation  test  using  direct  voltage  from  kenotron 
sets.  In  such  cases,  the  test  direct  voltage  should  not  exceed  the  original  factory  test  rms  alternating  voltage;  e.g.,  if  the 
factory  test  was  31  kilovolts  root  mean  square  (kV  rms),  then  the  routine  test  direct  voltage  should  not  exceed  31k'‘  . 


TEST  PROCEDURE 

a  Transformer  must  successfully  pass  the  Insulation 
Resistance  test  immediately  prior  to  starting  dielectric 
tests. 

b  Recheck  iie nis  c.  d  and  e  of  insulation  resistance  test 
to  make  sure  transformer  remains  completely  isolated 
and  nimpers  arc  still  connected. 

c  Junipc:  low  voltage  windings  to  ground. 

d  Connect  high  potential  test  between  high  voltage 
winding  and  ground  GraduaJlj  increase  lest  voltage  to 
desired  value.  ,Mlow  test  voltage  duration  of  one  minute 
after  winch  gradualiv  decrease  voltage  to  aero. 

e  Remove  low-  voltage  to  ground  lumper  and  connect 
higli  potential  lesi  beiween  low  voltage  winding  and 
g'ound  Repeat  test  using  proper  test  voltage  for  low 
voltage  winding  rated  voiiage. 

f  I:  tests  in  items  d  and  e  do  not  produce  failure  or 
breakoowns.  transformer  is  considered  satisfaciorj  and 
tcaav  to  be  energized 

g.  Remove  all  lumpers  and  reconnect  primary  and 
secondars  connections.  Iiplitiiing  arresters,  control  cir¬ 
cuits.  etc.,  that  ma>  itave  been  disconnected  for  test. 
Energize  transformer  immediately . 


3.  STORAGE 

Ventilated  dry-type  transformers  preferably  should  be 
stored  in  a  warm  dry  location  with  uniform  temperature. 
\  enlilaiing  openings  should  be  covered  to  keep  out  dust. 
If  it  is  necessary  to  leave  a  transformer  outdoors  it  should 
be  thoroughly  protected  to  prevent  moisture  and  foreign 
material  from  entering.  Condensation  and  the  absorption 
of  moisture  can  be  prevented  or  greatly  reduced  by  the 
immediate  installation  of  space  heaters  or  other  small 
electric  healers.  If  more  convenient,  incandescent  lamps 
may  be  substituted  for  the  space  heaters.  For  transformer 
ratings  750  K\'A  three  phase  and  below,  use  six  150  watt 
lamps,  above  750  K\’A  three  phase,  use  six  300  watt 
lamps  or  equivalent.  Two  lamps  should  be  located  under 
each  coil,  one  on  each  side  of  the  core.  Lamps  or  heaters 
should  be  kept  4  ■  6  inches  from  transformer  coils  and 
should  never  be  allowed  to  come  in  contact  with  trans¬ 
former  coil  insulation. 

4.  maintenance 

A.  Periodic  Inspection  and  Mainienaiice 

Like  other  electric  equipment,  these  transformers  reouire 
maintenance  from  time  to  time  to  assure  succr  'ful  o: 
non.  Inspection  should  be  made  a;  regular  ,  .-rvals  u.iJ 
corrective  measures  ta-cn  wlicn  necessary  to  assure  the 
most  satisfactory  service  from  this  equipment. 


SC3UARE  D  COMtsANY 


C-11 


DRY  TYPE  TRANSFORMERS 


INSTRUCTION 
MANUAL  7421-1 


Tlic  frcqucnci  at  which  llicsc  uaiisfornicrs  should  be  in- 
spccicd  depends  on  operaiinp  conditions  For  clear,  dry 
localnms  an  inspection  annualh  .  or  atier  a  ionper  period, 
ni3\  be  sufficient.  However,  for  otiier  locations,  such  as 
iiijv  be  cn-ountered  whcie  tiie  ait  is  contaimnated  with 
uiis!  or  ciieinical  fumes,  an  nispeciion  at  three  or  si.\ 
iiKiiUh  intervals  inav  be  tequiieil  L'sually  after  the  first 
few  inspection  periods  a  derinitc  schedule  can  be  set  up 
based  on  the  existinc  conditions 

With  the  transformer  de-eneretzed.  front  and  rear  access 
panels  should  be  removed  Inspections  should  be  made  for 
dirt,  especialis  accumulations  on  insiilaiinp  surfaces  or 
for  those  which  tend  to  restrict  air  flow,  lor  loose  con¬ 
nections.  for  the  condition  of  lap  clianpers  or  terminal 
boards  and  for  the  general  condition  of  the  transformer. 
Observation  should  be  made  for  signs  of  overlieating  and 
of  voltage  creepage  over  insulating  surfaces  as  evidenced 
b\  tracking  or  carbonization. 

tvidence  of  rusting,  corrosion  and  deterioration  of  the 
paint  should  be  checked,  and  corrective  measures  taken 
where  necessarv . 

Fans,  motors  and  other  auxiliary  devices  should  be  in¬ 
spected  and  serviced  during  these  inspection  periods. 

D.  Cleaning 

If  excessive  accumulations  of  dirt  are  found  on  the  trans¬ 
former  windings  or  insulators  when  the  transformer  isin- 
spccied.  the  din  should  be  removed  to  permit  free  circtila- 
iion  of  air  and  to  guard  against  the  possibility  of  insula- 
non  brcaxdowns.  Particular  attention  should  be  given  to 
cleaning  top  and  bottom  ends  of  winding  assemblies,  and 
to  cleaning  out  ventdating  ducts. 

The  windings  ma\  be  cleaned  with  a  vacuum  cleaner,  a 
bioHf.-.  or  wjili  compressed  air.  The  use  of  a  vacuum 
Cleaner  is  preierred  as  tlie  first  step  in  cleaning  followed 
b\  tiie  use  or'  corv.pressec  a::  or  nitrogen  The  compressed 
ai'  O'  nnroget'.  should  be  clear,  and  dr\  and  should  be 
apr'iicd  at  a  reiatnei'  low  pressure  Iriot  over  25  psr)  Ijead 
sut’ports,  tap  Cl. angers  and  terminal  boards,  bus.hrnps  and 
othe-  iv.jior  insulating  surfaces  s'nouid  be  brushed  or 
wiped  witli  a  d'>  cloth.  Tnc  use  of  liquid  cleaners  is  un¬ 
desirable  because  some  o'  then'  have  a  solvent  oi  dcienoi- 
atinp  cficct  on  most  iitsu.at.rg  materials 

C.  I)r\ mg  iT  Core  and  Co.l  Asser.ibU 

When  It  15  ncccssari  to  d'\  out  a  traiisi'ormer  before  in- 


siallation  or  after  an  extended  sliutdown  under  relatively 
Ingli  humidity  conditions,  one  of  tlic  following  metliods 
ma>  be  used: 

1 1  Lxternal  heat 

2)  Internal  heat 

.'l  Lxtcrnal  and  inlerna)  heal 

Hefore  applying  anv  of  these  methods,  free  moisture 
should  be  blown  or  w  ijied  off  of  the  windings  to  reduce 
tlie  time  of  the  drying  period. 

1)  Drying  by  Lxtcrnal  Ileal  -  F.xiernal  heat  may  be  ap¬ 
plied  to  tlie  iransforinct  by  one  of  tlie  following  methods 

a.  liy  directing  heated  ait  into  the  bottom  air  inlets 
of  the  transformer  case. 

b.  By  placing  the  core  and  coil  assembly  in  a  non- 
fiammabie  box  witJi  openings  at  the  top  and  bottom 
through  winch  heated  an  can  be  circulated. 

c.  By  placing  ilic  core  and  coil  assembly  in  a  suit¬ 
ably  ventilated  oven. 

d.  By  placing  incandescent  lamps  in  transformer  en¬ 
closure.  See  storage  seciroii  for  details. 

It  is  imporiaiii  that  most  of  the  heated  an  be  blown 
throucli  the  winding  ducts  and  not  around  the  sides  Good 
ventilation  is  essential  m  oiiicr  that  condensaiion  will  mn 
take  place  in  the  tr3nsfi)rin..i  iiscTl  or  insiiic  the  case.  A 
siiflicicni  <iu3iiiiiy  of  air  ■  unilj  be  used  lo  assure  appro.si- 
mutely  equal  inlet  and  outlet  icmperaiures. 

TMien  using  cither  of  the  first  two  external  heating  meth¬ 
ods.  lieat  may  be  obtained  by  the  use  of  resistance  grids  or 
space  heaters.  Tltese  may  eitlier  be  located  inside  the  case 
or  bo.\  or  may  be  placed  outside  and  the  heal  blown  into 
the  bottom  of  the  case  or  box  Tiie  core  and  coil  assembly 
should  be  carefully  protected  against  direct  radiation  from 
tl’.e  lieaiers. 

1:  IS  recommended  that  the  air  temperature  should  not  ex¬ 
ceed  ne’e. 

2  I  Drying  by  Interna!  Heat  -  Tins  mctiiod  requires  volt¬ 
ages  and  currents  which,  may  be  difficult  to  obtain  in  the 
field  and  tlierefore  is  no:  used  as  frequently  as  e.xtcrnal 

The  transformer  should  be  located  to  alh'v\  free  circula¬ 
tion  of  air  through  the  coils  from  the  boiioin  to  the  top 
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of  the  case.  One  winding  should  be  short-circuited,  and 
sufficient  voliage  at  normal  frequenc>  should  be  applied 
to  the  other  winding  to  circulate  approximately  normal 
current. 

It  IS  recommended  that  the  winding  temperature  not  be 
allowed  to  exceed  lOCfC.as  measured  b.\  resistance  or  by 
thermometers  placed  in  the  ducts  between  the  windings. 
Tnc  inermometers  used  should  be  of  tlie  spirit  type  be¬ 
cause  mercurx  tlierinometers  pve  erroneous  readings  due 
lo  the  generation  of  heat  in  the  mercury  as  a  result  of 
induced  edd\  cunents.  Tlie  end  lerminais  of  the  windings 
(and  not  the  taps)  must  be  used  in  order  to  circulate  cur¬ 
rent  through  the  entire  winding  froper  precaution  should 
be  taxer,  to  protect  the  operator  from  dangerous  voltages. 

5)  Drying  h>  External  and  Internal  Heat  —  This  is  a  com¬ 
bination  of  the  two  methods  previousli  described,  and  is 
b>  far  the  quickest  method  Tlie  transformer  core  and  coil 
assernbK  should  be  placed  in  a  nonflammable  box.  or 
kept  in  us  own  case  if  suitable,  and  external  heat  applied 
as  aescribed  in  the  first  method,  and  current  circulated 
througii  the  windings  as  described  in  the  second  method. 
The  current  required  will  be  considerably  less  than  when 
no  e.xterna!  heating  is  used  but  should  be  sufficient  lo  pro¬ 
duce  the  desireu  temperature  of  tlie  windings.  It  is  recom¬ 
mended  tiiat  the  temperatures  attained  not  exceed  those 
stated  in  the  foregoing 

D.  Use  of  Insulation  Resistance  for  Determining  Drying 
Time 

Dr\  ing  time  depends  on  the  condition  of  the  transformer, 
sice,  loltage,  amount  of  moisture  aosorbed.  and  the  meth¬ 
od  of  dry  ing  used. 

Tne  measurement  of  insulation  resistance  is  of  value  in 
dricrmming  the  status  of  dry  ing.  Measurements  should  be 
taker,  before  starting  the  drying  process  and  at  two-hour 
inte'iais  during  drying  Tne  iniiial  value,  if  taken  at  ordin¬ 
ary  lemperatii'es.  may  be  high  even  thougii  the  insulation 
mj\  no:  be  dry  Because  insulation  resistance  varies  in¬ 
versely  with  temperature,  the  transformer  temperature 
should  be  kept  appro.viniatcly  constant  aurmg  llie  dryuig 
period  to  obtain  comparative  readings.  As  the  transformer 
is  heated,  the  presence  of  moisture  w  ill  be  evident  by  the 
rapid  drop  in  resistance  measurement  Following  this  per¬ 
iod  the  insulation  resistance  will  generally  increase  gradu- 
alh  until  near  the  end  of  tlic  drying  period  wlicn  it  will 
increase  more  rapidly.  Sometimes  it  will  rise  and  fall 
througii  a  short  range  before  steadying  because  moisture 


in  the  interior  of  the  insulation  is  w  orking  out  through  the 
initially  dried  portions.  A  curve  with  time  as  abscissa  and 
resistance  as  ordinate  should  be  plotted  and  he  run 
should  be  continued  until  the  resistance  levels  o.  and  re¬ 
mains  relatively  constant  for  three  to  four  hours. 

Insulation  resistance  measurements  sliould  be  taken  for 
each  winding  to  ground  with  all  windings  proumied  except 
the  one  being  tested.  Before  taking  insulation  resistance 
nieasureincnis  the  current  should  be  interrupted  and  the 
winding  should  be  slion-circuiied  and  grounded  for  at 
least  one  minute  to  dram  off  any  static  ciiarpc.  All  read¬ 
ings  should  be  for  the  same  time  of  application  of  the  test 
voltage,  preferably  one  minute. 

E.  Cautions 

Constant  attenda  .ee  during  tlie  drying  process  is  desirable, 
h  is  advisable  to  iiave  a  suitable  fire  extinguisher  conven¬ 
ient  for  use  in  the  event  of  an  emergency. 

5.  OPERATION 

A.  Removal  of  Covers  over  Openings 

Covers  over  openings  in  the  transformer  case  must  not  be 
removed  wliilc  the  transformer  is  enerpzed. 

B.  Effect  of  Humidity 

As  long  as  the  transformer  is  energized  humidity  condi¬ 
tions  are  relatively  unimportant.  In  the  even'  that  a  dry 
ty  pe  transformer  is  dc-cneigized  and  allowed  lo  coo!  to 
ambient  temperature,  consideration  must  be  given  to  the 
possible  effects  of  humidity . 

If  tJie  sliutdown  period  occurs  during  low  humidity  con¬ 
ditions  no  special  precautions  sliould  be  required  before 
enerpzjng  the  unit. 

Experience  indicates  that  if  a  sliutdown  exceeding  2-4 
hours  occurs  during  a  period  ofhipli  humidnv,  rarlicular- 
ly  if  atmospheric  condiuons  are  such  as  to  cause  conden¬ 
sation  within  the  housing,  then  prccauuons  slioiiid  be 
taken.  Small  strip  healers  may  be  placed  in  liie  boiiom  of 
the  unit  shortly  after  shutdown  to  maintain  tiie  lemocra- 
lure  of  the  unit  a  few  degrees  above  that  of  the  outside 
air.  If  such  precaution  has  not  been  tak-;n  then  tlie  unit 
should  be  inspected  for  evidence  of  moisiurc,  and  insula- 
t'.nn  resisiance  sliould  be  checked  If  ilicrc  is  evidence  of 
moisture  or  if  ihe  insuiaiion  resistance  is  low.  the  trans- 
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foiincr  slunilJ  be  dried  ou!  b>  otie  of  Dir  meihous  de¬ 
scribed 

C  Tap  Ciiaiifiiif 

Alicr  iiisiallalior. ,  Dir  oulpiil  vohacc  o'  Die  l ransroriiier 
should  be  tlicckcd  at  some  sale  access  poin;  on  the  load 
Never  auemp;  lo  cIicck  Die  ooipui  volia"c  a!  me  naiis- 
foriiier  since  danperous  Inch  voliaec  ma\  N  presein  wiDi- 
in  iiic  uaiisforiner  enclosure. 

When  Die  output  oi  load  side  soltaer  requires  aditistiiient 
ciiiici  up  or  down,  the  pcrcentape  tar  nmipers  lound  on 
Die  tront  surface  olthe  coils  mustoe  chanced  in  ali  phases 
tSee  phoK'  on  front  cover  of  this  builrtin  for  tap  appear¬ 
ance,  l  Consul',  the  iransfornicr  ducrania'ic  nameplate  fo' 
miormation  on  what  lap  must  be  used  to  correct  for  Inch 
or  low  incominp  line  voltage  or  for  eoliacc  drop  in  the 
output  or  load  voltage  due  to  long  wiring  runs.  Note  that 
w  hen  the  load  voltage  is  low  .  lap  connections  below  100~ 
of  line  voltage  must  be  used  to  raise  the  load  voltage.  If 
tlie  kiad  voltage  is  liiglt,  tap  connections  above  10C7<-  of 
lute  voltage  must  be  used  to  lowct  Die  load  voltage. 

Afler  the  correct  lap  connection  has  been  determined 
from  the  nameplate,  this  procedure  siiould  be  followed  ivi 
change  taps: 

1.  Dc -energize  transformer.  Make  sure  theic  is  no  bach 
Iced  from  a  low  voltage  tie  brcaKci. 

2  Kemove  ffontaccess  panels  from iransfoi mcr  encKisuic 


3-  Change  lap  lumpci  on  each  ivliasc  tt'  the  correct  lap 
conitcciK'it  Tap  lumnct  must  be  on  the  same  tap  posi¬ 
tion  on  all  piiases, 

d.  Tar  lumpc:  must  be  installed  on  upper  side  of  col!  i.ip 
with  lugs  on  ends  of  cable  tap  luiupcrs  positioned  lor 
nia\imum  clccirica!  clearance  from  ground  and  other 
live  pans  be  sure  bolts  aic  lightened 

5  Replace  front  at.cess  panels. 

6  Liieigizc  iransfornicr  and  rcclicch  the  initjml  voltage 
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BOLT  TIGHTNESS  FOR  BUS  CONNECTIONS 
FOR  HARDWARE  SHIPPED  WITH  TRANSFORMER 


i  Toroue  in  Fool  Pounds 


Boi*v  Materia^ 

1 

for  Boh  Diameter 

.25  20 

1  .31-16  1 

.38  16  I  .50-13 

Grade  1  &  2 

i 

!  1 

i 

Heal  T reated  Sieel 

:  4-6 

!  6-12  1 

15  20  !  25  30 
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inspection  of  control  unit  without 


Easily  discernible  ofcuit  boaid 
connection  on  rear  of  control  jsj 


Reference:  .ANSI  Standard  C57. 12.51 


Rated  Averase 

Transformer  - 

Temperature  Fans 
Rise*  On 


Switch  Set  Points 


8I1'C 
1!‘  C 
15(  '  C 


;iox 

l-!5  C 
mix 


Fans 

Off 

lOivc 

Ij!.)  C 
170X 


Alarm 

On 

i:.yc 

iridX 

IH.VC 


Alarm 

Off 

•  'T'^^  ■ 

iKs'c 

193X 


or  NE^l.^  and  A\'^!  Standard**  of  3^^  C  averact-  and  4n‘C  maMmuni  ambifni  lor  an> 
.’4  n«»ur  pfnod  b^l»m  r.  alti^uOr 
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c^d  AS'SI  standards  prmfjr  q  30'C  mojfmnm  dtf^rrrniia  hftu-err  avrragr  and  hot  spo' 
lemprratnrts  Tnrret.irr  tnc  diftia.  C'JP^a^  unyld  ind-catr  appruumatrh  3’  C  -  30  C  •  I5(''  c" 
•  C  total  ,Nofr  tnat  thr  aiarrr  ynyld  oprrotr  a!  thts  potn!  prondinp  amplr  uanttnf  mat 
tnr  tronstormfr  ts  approarntng  thr  manmitm  tfmpcrotyrf  itmO  o'  tnr  tnsyidttori  systrm  / 
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The  Square  I)  .Model  85A  “LJFE-(j.AKD  "  Kan  Control  System  is 
siaie-ol-iht^art  instrumenulion  that  protects  the  transformer  and  adds  up  to 
33-I/'3't.  reserve  capacih’. 

This  s\’stem  provides  precision  control  through  the  use  of  three  hi^rh 
accuracy'  thermistor  t\pe  temperature  sensors,  one  installed  in  an  air  duct 
of  each  phase  coil  of  a  transformer. 

Internal  coil  temperatures  are  transmitted  b\’  these  sensors  to  a 
microprocessor  which  is  proprammed  to  provide  a  digital  display  of 
temperature  in  degrees  Celsius  and  the  corresponding  coil  number. 

Digital  Display 

Tlie  digital  LEI)  display  range  is  from  24  C  to  255‘C  in  TC  increments. 
Characters  are  0.56"  high  and  clearlv'  legible  under  all  lighting  conditions. 

The  Model  85.A  provides  a  choice  of  either. 

X  Continuous  scanning  of  the  three  sensors  with  a  three 
second  displav'  period  for  each  coil  temperature  and 
corresponding  coil  number. 

B.  Digital  display  of  the  temperature  and  number  of  the 
hottest  coil  only. 

For  each  display  mode,  two  additional  options  are  available: 

1.  Continuous  temperature  display. 

2.  Display  onK'  when  the  “Read /Reset"  or  the  "Read 
Memory  Max"  switch  panels  are  pressed. 

For  all  displa.v  modes,  the  highest  temperature  reached  by  any  coil  in  any 
previous  interval  will  be  displayed  for  three  seconds  when  the  “Read 
Memop.'  Max"  switch  panel  is  pressed.  This  temperature  will  be  cancelled 
and  replaced  b\'  the  immediate  maximum  temperature  when  both  “Read/ 
Reset"  and  “Read  Memory  Max"  switch  panels  are  pressed  simultaneously. 
Thereafter,  any  succeeding  higher  temperature  will  be  retained  in  memorv’ 
for  later  recall. 

Control  Mode  Light  Panels 

Three  LED  panels  are  provided  to  indicate  control  mode  conditions.  WTien 
the  green  panel  is  lighted,  it  indicates  that  the  control  module  is  energized. 
Similarh'.  the  lighted  yellow  panel  indicates  that  the  fan  circuit  is  energized. 
A  light^  red  panel  indicates  that  one  or  more  coils  are  above  normal 
temperature  and  the  alarm  horn  will  sound. 

If  a  temperature  of  220'C**  is  detected  by  one  of  the  sensors,  the  control 
will  initiate  the  emergency  shutdown  mode.  Permanent  insulauon  damage 
will  occur  above  this  maximum  insulation  sv'stem  temperature.  At  this 

point  the  Red  LED  panel  flashes  and  three  dashes 
replace  the  temperature  numbers. 

Actual  shutdown  or  other  function  can  be 
accomplished  by  means  of  an  optional,  accesson,’ 
relay. 

Fan  Mode  Control  and  Indicators 

Selection  of  twn  modes  of  fan  operation  is  provided 
by  the  “Fan  Mode"  switch  panel,  ^^'hen  this 
switch  panel  is  depressed,  the  fan  mode  may  be 
changed  from  manual  to  auto  or  vice  versa.  In  the 
auto  mode,  the  fans  are  turned  on  and  off 
aulomaiicaDv  at  specified  progranuxied  temperature 
set  points.  In  the  manual  mode,  the  fans  operate 
continuously,  totally  independent  of  all  temperature 
set  points.  The  selected  fan  mode  is  indicated  by 
one  of  the  LEDs  in  the  "Fan  Mode"  switch  panel 

High  Temperature  Alarm 

If  the  operating  temperature  of  the  transformer  coils  increases  to  the 
programmed  "alarm"  set  point,  the  red  LED  indicator  and  the  alarm  horn 
are  activated,  thus  warning  that  the  maximum  designed  temperature  rise 
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has  (K'airrnl  (HO'C.  llh'C  or  ir)()'C).  lliis  loniiK'niturc  is  witliin  llio 
maxinuiin  teniiXTahire  raliiifj  of  tlir  insulation  systc'in.  and  the  transformer 
may  continue  to  operate.  Hie  alann  liom  may  be  silenced  by  briefly 
depressing  the  “Alann  Silence"  switch  i)anel.  IIk'  red  I.Id)  panel, 
however,  will  remain  lighted  until  the  transfonner  temiierature  decreases 
to  the  programmed  “Alann  Off  set  point.  'Ihe  LI'l)  panel  is  then  dt^ 
energimi  and  the  silencer  lelay  is  autot)iatically  reset. 

Control  Sequence 

'Ilie  M(Klel  8.')A  Fan  Contnd  System  |)n)vides  switching  at  three  levels  of 
transfonner  temperature.  Iliis  switching  is  pre-set  prior  to  shipment  based 
on  the  maximum  renting  of  the  insulation  system  and  th(‘  desigiu-d 
tempcnilure  rise  of  the  tratjsfonner  llb'C  or  80X'  rise. 

At  the  first  switching  level,  cooling  fans  are  automatically  switched  on  and 
off  at  the  temix'rature  set  |)oints  to  maintain  the  winding  temix'rature  well 
within  the  design  limits. 

At  the  second  level,  Ihe  alann  set  point  leniix'ratuix'  is  ?eached  and  the. 
alann  circuit  is  energized.  o|)erating  a  visual  and  audible'  ahinn.  Ihis 
indicates  that  the  transformer  has  reached  a  temperature  that  is  not  tnon- 
than  .VC  higher  than  the  designed  average  wintling  temix’rature  rise  based 
on  a  4()'C  maximum  ambient. 

If  kept  within  Ihe  maximum  temix'rature  rating  of  the  insulation  system 
(220"C**).  the  transfonner  may  continue  to  o|X’rale. 

A  third  level  oix'iale's  when  Ihe  maximum  lemix'ratnre  rating  f22()‘C**)  "I 
the  insulation  systetn  is  reached.  'Ihis  ent’igizes  IIh*  I'aiU'igeney  Shutdown 
(i;  S.)  circuit.  Ihis  circuit  can  be  list'd  for  a  remote  alann  or  to 
automatically  drop  transfonner  lo:id  and  prevent  damage  to  the 
transfonner  insulation. 

Tlie  Model  H.'iA  I-'an  Control  System  provides  two  sets  of  auxiliary  I  'orm 
“C"  relay  contacts;  one  set  switched  by  the  fan  control  circuit  and  ono 
switched  by  the  alann  control  circuit.  IVnninals  for  Ihest'  contacts  are 
located  on  Ihe  rear  pjinel  of  Ihe  control. 

Ihe  output  for  Ihe  emergency  shutdown  function  is  fiV  D.C.  at  .300  MA 
maximum  to  power  an  optional  external  relay.  'I'enninals  for  Ihis  oiitiiiil 
are  also  kx-ated  on  the  rear  panel  of  the  control. 

System  Test 

1h(’  Model  8.3A  l-'an  Control  System  also  incorporates  a  programmed 
system  lest  function  which  is  inili.'ited  whi'ii  the  “System  'lest"  switch  panel 
is  depri’ssed.  liach  of  the  various  indicators  and  each  segment  of  Ihe 
numerical  displays  are  lesl(’d  in  si’qiii'nce.  'Pie  iipix'r  left  segments  of  the 
coil  and  temix’mture  displays  are  not  active  and  are  not  lighted  during  the 
test  sequence. 

During  the  test  sequence.  Ihe  fans  operate’  briefly.  Ihe  alann  horn  is  also 
tested  at  Ihe  end  of  the  se(|uence  and  the  Kmergeruy  Shutdown  is  not 
activated. 

Remote  Indication  and  Control 

In  addition  to  providing  control  and  readout  functions  when  inslalli'd  in  a 
Iransfomii'r.  the’  Model  8.3A  I'an  Control  System  has  the  ca|)abilily  of 
providing  compk’te  readout  and  control  at  a  remote  lixalion.  One  control 
mixliile  with  lemix’ialun’  si'nsors  is  mounted  in  Ihe  li-aiisfonner  enclosure 
and  is  di’signati’d  as  llu’  "Masler".  A  second  identical  control  without 
temix'rature  prolK's  is  designated  as  the  “Sl;ive"  for  installation  remote 
from  till’  li-ansfomii'r.  Ily  means  of  an  IlilT-'  RV'122  Iwivwire 
communication  link,  the  lemix’nilurc  may  be  monitored  and  all  functions 
controlled  at  a  remote  fixation. 

Similarly,  an  installation  with  multiple  transfomiers  may  be  monitored  and 
controlled  from  a  single  sufX'rvisory  station  or  by  a  computer. 
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Fail-Safe  Features 

Tlie  Model  85A  I'aii  Control  System  is  capable  of  delemiininR  a  sliorted 
sensor  condition.  It  will  also  dtlect  a  possible  o|x*n  s<'nsor.  VVlien  two 
probes  read  a  tcmiKTature  alKwe  25  C  and  one  reads  a  temiK-ralJire  of 
2.5"C  or  less,  the  latter  will  lx?  detennined  open.  Wlien  eilliei  a  shorted  or 
o|X'ii  sensor  is  identifif^i.  the  temix-ratiire  display  will  indicate  three  daslies 
(instead  of  nuiix'i-als)  with  the  coiTesix)ndinK  coil  niimbcT. 

I'or  systems  having  a  Slave  Model  8.5.A  Fan  Control  System  for  remote 
control  and  m<»nitorine.  tailure  of  the  Master  control  at  the  transfor’iier  will 
caiis<'  all  coil  and  temtw  rature  readouts  of  the  remote  control  to  he  daslu's 
and  the  alann  IJil)  panel  will  flash  t'\’er>'  20  seconds  as  the  remote  control 
attempts  to  reset  to  normal  communication  with  the  Master  control. 

Typical  Specifications 

Provide  a  f^uare  D  Ul  f.  (iARI)‘  M<Klel  RSA,  solid  slate.  Fan  Control 
System  with  Factory  pre-xl.  thre<‘  level  switching  to  maintain  the  winding 
temperature  within  the  design  limits  during  faiKooled  o|X'ralion  For 
three  phast'  transfonix-ri.  the  system  shall  consist  of  three  t'’gh-accurac\’ 
thennistor  sensors  in<=taned  directly  in  tiu'  low  voltage  air  ducts  of  each 
transformer  Cf)il  to  cont'  aiously  tnonilor  the  internal  c<til  tem|X'ralure.  ihe 
sef|uence  of  otx'ration  -  ^hall  lx*  as  follows.  If  the  lemp«'nitnre  tis<‘s  to  tlu' 
normal,  self-coolefi  (AA)  rating,  a  relay  is  aclivalerl  to  stall  the  fans. 

Should  Ihe  temper.itur»  continue  to  rise  to  the  n«*xl  pre-sr  t  point,  a  second 
relay  ojx'ratt's  to  clos/-  hie  circiiil  for  an  audible  alarm  and  a  rial  warning 
light.  If  Ihe  lemtK-ral'jr-  rises  to  the  mavimtim  raliai  lem|XTalure  of  the 
insulation  system,  a  tiiirrl  circuit  is  actKatial.  It  may  lx“  used  for  an 
emergency  shutdown.  <>r  remote  trouble  indication. 

llie  control  mixlule  shall  Ik’  a  "draw-oul"  design  (x-miilling  insix'ction  of 
the  control  unit  wiihou'  exixisure  to  high  voltages. 

llte  system  control  ni'^iule  shall  have  a  membrane  front  panel  with 
switches  to  provide  sv'.’r  rn  tests,  fan  ntixle  si-leclion  and  alann  silencing 
l  unclion  indicators  siia,'  Ix'  I.Id)  bars;  (ina,'n  for  "Power  On  ",  Amber  for 
“Fans  On"  and  Real  for  'High  'Fcmpcralure". 

llie  “.System  Fcsl"  switch  shall  initiate  a  lest  si'qnence  which  will  allow 
verification  that  all  control  functions  and  numeric  read-out  segments  ate 
oix'rational. 

llie  “Fan  Mcxle"  switch,  with  built  in  IJd)  mode  indicators,  sh  'll  inovide 
selection  of  manual  or  automatic  fan  control  nuxies 

llie  “Alann  .Silence"  swnu  h  shall  silence  the  sonh  alann.  but  allow  the  Red 
I.F'I)  bar  to  remain  "Or."  imtil  the  temix'ralure  dixTeasc's  to  iiotm.il. 

llie  system  control  m<xlule  shall  [irovide  a  digital  rea<l-oul  of  transfonner 
coil  temjx'i'ature  and  numeric  coil  identification. 

llie  system  contnil  nvxltile  shall  have  a  nu’mory  nnxie  for  retenlioti  of  the 
maximum  attainerl  lemr^rature  doting  any  piior  interval  with  recall  to 
(xcur  when  the  “Read  ’.P  niory^  Max"  '.witch  is  press<-d. 

Minimum  numeral  hngtit  shall  lx-  O  .o  inch. 

'llie  system  control  rri'xi'de  shall  bi-  capable  of  functioning  at  Ihe 
transfonner  (Master  (.f/ntrfil)  or  at  a  remote  l<K'alion  fSlavi-  Conirol),  using 
an  RS422  comniunicaiv.n  link  to  provide  full  control  and  reatUint  at  liolh 
Imations. 

'Ilie  system  conirol  ni'xiule  shall  provide  I  ail  Safe  indication  of  Ixilh 
shortcxl  and  nix'!!  sen'^trs 

Mulli|)le  cixiling  fans  ar<  to  be  installed  at  Ihe  bottom  ol  eac  h  mil.  front 
and  rear,  with  a  minimum  of  six  for  thn-e  phas<-  and  foui  for  single  phase 
transformers. 
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(512)  349  0197 
(214)868  2720 
.8171  776  3432 
(817)322  5565 

NORTH  DAKOTA 

Faroa 

(701)235  7223 

UTAH 

SaR  La^e  City 

(601 )  466  6447 

OHIO 

AKron 

Cecil  vvib 

CoKiinbus 

Uiylpri 

Maple  HIS  (Cleveland) 

(216)636  5593 
(513)  793  6611 
(614)466  4329 
(513)433  7771 
(216)581  3400 

VIRCMU 

Chai<c4iesvAe 

NortoK 

Komono 

RcMinotte 

(804)  973  7069 
(804)  461  1290 
(804)  285  7508 
(703)  344  7707 

Toiodo 

(419)  535  1293 

WASHmCTON 

YoutgsltAvn 

(216)  762  2295 

Mercer  island  iSeaEDe) 

IZC6)  232  9702 

OKLAHOMA 

Okianunia  City 

1405)942  7334 

Spi»ar>r 

Taccma 

(50&i  535  3085 
1206)  565  7730 

Tulsa 

(918)  622  2800 

WEST  VIRGMIA 

OREGON 

Bart)ausv«e  (Hurttngtor.) 

(30ii  736  B944 

Eugene 

,  (503)343  2591 

WISCONSIN 

Pornand 

(503)684  1090 

Green  Bay 

I4U)  494  3313 

PENNSYLVANIA 

AftoufWi 

Bulhkiltenf  (AllentowT» 

(614)  942  19C6 
(215)694  ^000 

MdObon 

lAewautsee 

Raone 

(608.  231  2244 
(4141  359  0969 
(414.  554  9121 

Camp  M4i  (HamsUiry) 

(717)  761  4650 

WVOMtf4G 

Ene 

>814)  833  8424 

Casper 

(30?.  234  101  ’ 

Knig^ion  (WiiKos  Bane) 

(717)825  4569 

MecKi  (Phaaduiprujj 

(215)  565  6750 

Ptnsburgri 

(412)  343  7500 

Ywv 

(71?)  757  9421 

RHODE  ISLAND 

Crartslort  (Hrovvlencu) 

(401)943  3360 

For  start-up  and  testing,  engineering  and  training  services,  maintenance 
agreements  or  time  and  material  repair,  contact: 

TECHNICAL  SERVICES  DIVISION  1-800-634-2(X)3. 

Distributed  By: 
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"THE  INFORMATION  HEREIN  IS  BELIEVED  TO  BE 
ACCURATE  AND  RELIABLE.  HOWEVER,  NATIONAL 
INDUSTRI  ASSUMES  NO  RESPONSIBILITY  FOR  ITS 
USE  OR  MISUSE  AND  CAUTIONS  THE  READER  TO 
EXERCISE  CAUTION  IN  THE  INSTALLATION  AND 
MAINTENANCE  OF  THE  PRODUCTS  DESCRIBED 
HEREIN." 

General 

This  manual  adciresses  general  considerations  for  the 
operation  ano  maintenance  of  dry-type  distriPution 
ana  power  transformers 

The  successful  operation  of  these  transformers  is 
dependent  on  proper  installation,  loading  and  mainte¬ 
nance.  as  well  as  proper  design  and  manufacture  Dry 
type  transformers  require  little  maintenance  as 
compared  to  other  types  of  transformers,  but  appropri¬ 
ate  attention  will  ensure  their  expected  service  life 
Conditions  of  operation  will  determine  the  extent  of 
maintenance  reouired  A  pencdic  inspection  program 
should  be  established  to  monitor  the  effects  of  the 
operating  conditions  on  the  transformers. 

In  addition  to  this  guide,  the  manufacturer  should  be 
consulted  for  recommeoations  on  special  conditions 

Portions  of  the  following  information  are  re-pnnted 
from  ANSI  Appendix  C57.94  Guide  for  Installation  and 
Mjintenance  of  Dry-Type  Transformers. 


Warning;  Lethal  Voltages  wilt  be  present  inside  all 
translormer  enclosures  ana  at  all  connection  points. 
Installation  and  maintenance  should  be  performed 
only  by  personnel  Qualified  and  experienced  in  high 
voltage  equipment  De-energize  the  transformer  before 
performing  any  maintenance  or  service  work 


Receiving 

Inspection 

When  received,  new  transformers  should  be  inspected 
for  damage  during  shipment 

Examination  should  be  made  before  removing  them 
from  cars  or  trucks,  and.  if  any  in)ury  is  evident  or  any 
indication  o'  rough  handling  is  visible,  a  claim  should 
be  filed  with  the  earner  at  ohce  and  the  manufacturer 
noti'ed  Subsequently,  covers  or  panels  should  be 
removed  and  an  internal  inspection  made  for  damage 
or  displacement  of  parts  loose  or  broken  connections, 
dirt  or  foreign  material,  and  for  the  presence  of  water 
or  moisture  lf  the  transformer  is  moved  or  if  it  is 
stored  before  installation,  this  inspection  should  be 
repeated  before  placing  the  transformer  m  service. 


Handling 

National  Industn  transformers  are  designed  with 
provisions  for  lifting,  jackir^g  or  rolling  These 
provisions  will  vary  in  detail,  depending  upon  the 
weight,  size  ano  mechanical  configuration  of  the  unit 

Enclosed  transformers  with  lifting  lugs  on  the 
enclosure  may  be  lifted  with  appropriate  slings  or 
chains  Larger  units  will  have  provisions  for  lifting 
from  the  base  frame  or  from  the  top  core  clamps 
Units  lifted  from  the  top  core  clamps  will  usually 
require  that  the  top  cover  or  part  of  the  cover  be 
removed 


Caution:  Dry  type  transformers  should  be  maintained 
in  an  upright  position  when  being  moved.  No  attempt 
to  handle  a  transformer  in  any  other  position  should 
be  made  without  first  contacting  the  manufacturer. 


Because  of  their  high  center  of  gravity,  dry  type 
transformers  are  sub)ect  to  tipping  over  during 
handling  Reasonable  care  during  handling  will 
prevent  equipment  damage  and/or  personnel  injury 

When  provisions  are  supplied  for  lifting  larger  units 
from  the  base  frame,  lifting  slings,  chains,  or  cables 
should  be  used  with  spreaders  to  avoid  damage  to  the 
enclosure  The  core  and  coil  must  also  be  bolted  to 
the  base  frame  and  anti-sway  bracing  provided 

Core  and  coil  units  should  be  lifted  using  only  the 
lifting  devices  provided  on  the  core  clamps  Care 
should  be  taken  to  prevent  damage  to  bus  work, 
wiring  and  termination  assemblies  during  lifting.  When 
lifting,  increase  tension  gradually,  do  not  jerk,  jar,  or 
otherwise  move  the  transformer  abruptly 

If  the  transformer  cannot  be  lifted  by  a  crane,  it  can  be 
skidded  or  moved  on  rollers  Care  should  be  taken  not 
to  damage  the  base  or  tip  it  over  When  rollers  are 
used,  skids  should  be  used  to  distribute  the  stress  over 
the  base 

Large  enclosed  units  with  base  frame  type  enclo¬ 
sures.  may  be  jacked  usme  the  base  frame  angles  The 
transformers  should  be  jacked  evenly  on  all  four 
corners  to  prevent  warping  or  tipping  over 

Care  must  always  be  taken  to  prevent  any  foreign 
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material  from  falling  into  or  onto  the  coils  Hardware, 
connecting  parts,  tools,  or  any  foreign  material  should 
not  be  allowed  on  top  of  the  core  and  coil  assembly. 
Foreign  material  lodged  in  a  coil  duct  can  cause 
electrical  failure  or  overheating 

NOTE:  All  lifting  devices  and  shipping  braces  painted  red 
must  be  removed  before  energizing  the  transformer. 

Installation 

Location 

Ma)or  factors  to  be  considered  when  locating  dry  type 
transformers  are  personnel  safety,  accessibility, 
ventilation,  atmospheric  conditions,  ana  sound  level 

When  planning  the  installation,  a  location  should  be 
selected  that  will  comply  with  all  safety  codes  and  will 
not  interfere  with  the  normal  movement  of  personnel, 
eauipment.  and  material.  The  location  should  not 
expose  the  transformers  to  possible  damage  from 
cranes,  trucks,  or  moving  equipment  It  should  be 
remembered  that  a  dent  in  the  enclosure  may  reduce 
the  insulation  clearances  to  an  unsafe  level. 

As  an  added  safety  precaution,  thought  should  be 
given  to  the  possibility  of  personnel  inserting  rods, 
wire.  etc.  through  the  ventilation  openings  of  the 
enclosure  and  thus,  coming  into  contact  with  live 
parts  Transformer  ventilation  openings  are  designed 
in  accordance  with  NEMA  standards  which  require 
that  a  'h"  diameter  rod  cannot  be  inserted  through  the 
ventilation  openings. 

The  installation  will  be  simplified  if  an  outline  drawing 
IS  requested.  By  studying  the  overall,  r^  Hmg.  and 
terminal  dimensions,  it  is  possible  to  p  :ne 
installation  with  an  orderly  arrangement  of 
connections. 

Core  and  coil  units  (without  case)  usually  have 
mounting  and  terminal  dimensions  to  suit  the  cus¬ 
tomer's  enclosure.  That  enclosure  should  nive  pro¬ 
tection  to  the  coils  and  have  adequate  ciec-  ances  and 
sufficient  ventilation  openings.  The  manutacturer 
should  always  be  consulted  to  determine  these  re¬ 
quirements. 

Ventilated  dry  type  transformers  can  be  designed  for 
installation  indoors  or  outdoors.  They  will  coerate 
successfully  where  the  humidity  is  high,  but  under  this 
condition  it  may  be  necessary  to  take  precautions  to 
keep  them  dry  if  they  are  shut  down  for  extended 
periods  For  locations  where  severe  atmospheric 
conditions  prevail.  National  Industn's  Vacuum  Cast 
Coil  transformers  are  recommended 

Locations  where  there  is  dripping  water  should  be 
avoided.  If  this  is  not  possible,  suitable  protection 


should  be  provided  to  prevent  water  from  entering  the 
transformer  case  Precautions  should  be  ‘iKen  to 
guard  against  accidental  entrance  of  w£  such  as 
might  be  obtained  from  an  open  window,  by  a  break  in 
a  water  or  steam  line,  or  from  use  of  water  near  the 
transformers. 

Caution;  Adepuate  ventilation  must  be  provided  for 
Dry  Type  Air-Cooled  Transformers. 

Adequate  ventilation  is  essential  for  the  proper  cool¬ 
ing  of  these  transformers.  Clean  dry  air  is  desirable. 
Filtered  air  may  reduce  maintenance  if  the  location 
presents  a  particular  problem.  When  transformers  are 
installed  in  vaults  or  other  restricted  spaces,  sufficient 
ventilation  should  be  provided  to  hold  the  a 
temperature  within  established  limits  when  -  -.asured 
near  the  transformer  inlets.  This  usually  will  require 
approximately  lOO  cubic  feet  of  air  per  minute  per 
kilowatt  of  transformer  loss.  The  area  of  ventilation 
openings  required  depends  on  the  height  of  the  vault, 
the  location  of  openings,  and  the  maximum  loads  to 
be  earned  by  the  transformers,  '^or  self-cooled  trans¬ 
formers.  the  required  effective  areas  should  be  at  least 
one  square  foot  each  of  inlet  and  outlet  per  100  KVA 
of  rated  transformer  capacity,  after  deduction  of  the 
area  occupied  by  screen,  gratings,  or  louvers. 

Ventilated  open  wound  dry  type  transformers  should 
be  installed  in  locations  free  from  unusual  dust  or 
chemical  fumes.  Transformers  should  be  located  at 
least  12  inches  away  from  walls  and  other  obstructions 
that  might  prevent  tree  circulation  of  air  through  and 
around  each  unit,  unless  the  unit  is  designed  for  wall 
mounting  and  installed  per  factory  recommendations. 
The  distance  between  adjacent  transformers  should  be 
not  less  than  this  value.  Also,  accessibility  for 
maintenance  should  be  taken  into  account  before 
locating  the  transformer  If  the  transformer  is  to  be 
located  near  combustible  materials,  the  minimum 
separations  established  by  the  National  Electrical 
Code  should  be  maintained. 

The  transformer  case  '  designed  to  prevent  the 
entrance  of  most  sm£  inimais  ama  foreign  objects 
Howeve'  "  some  locations,  it  may  be  necessary  to 
give  cons  ^eration  to  additonal  protection 


Sound  Level 

Soecial  consideration  should  be  given  to  the  installa¬ 
tion  of  any  transformer  if  noise  is  a  factor  in  its  loca¬ 
tion  and  operation  Many  locations  can  result  in  an 
amclification  of  the  sound  level  For  example,  if  the 
transformer  is  installed  in  a  quiet  hallway,  a  definite 
hum  will  be  noticed  If  the  unit  is  installed  in  a  location 
It  shares  with  other  equipment  such  as  motors,  pumps 
or  compressors,  the  transformer  hum  will  probably  go 
unnoticed. 
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Sound  Level  (Continued) 

Tne  transformer  is  designed  to  produce  a  minimum 
sound  level  wnen  tne  tollowma  directions  are  followed 
A  Connections  to  pr'rr.a'y  and  secondary  terminals 
made  witn  tiexipie  connectors 

B  All  transit  oolts  and  snipping  praces  removed  so  unit 
wii.  float  on  ruDoer  isolation  pacs  tnese  oolts  and 
parts  are  painted  red  for  easy  identification 

C  All  enclosure  hardware  tightened  so  panels  do  not 
viprate 

Inspection 

Once  the  transformer  has  been  located  at  its 
permanent  site  a  thorough  final  inspection  should  be 
made  before  any  necessary  assembly  is  accomplished 
and  the  unit  is  energized 

Careful  examination  should  be  made  to  ensure  that  ail 
external  electrical  connections  have  been  made 
properly  and  that  the  correct  ratio  exists  between  low 
voltage  and  high  voltage  windings  To  test  this,  apply 
a  low  voltage  (240V  or  480V)  to  the  high  voltage 
winding  and  measure  tne  output  at  the  low  voltage 
winding 

All  control  circuits,  if  any  should  be  checked  for 
operational  ability  Furthermore,  they  Should  be  able 
to  withstand  a  1200  volt  applied  insulation  test  for  one 
minute  (if  the  transformer  has  current  transformer 
circuits,  they  should  be  snorted) 

Tne  operation  of  fans  motors  thermal  relays  and 
other  auxiliary  oevices  should  be  checked  Fan 
rotation  should  be  visually  verified  as  well  as  by 
checking  any  indicator  lights  (Reference  Fan  Control 
Operation  ' 

As  prescriDec  Dy  NEMA  sianparcs.  uans- 
lo'Tiers  a'e  s'lippec  w:iri  oorn  riigr.  ana  tow 
vonage  vhincmgs  connected  to'  tnei'  htgnest 
ratec  voltage  texceo'  transformers  wnicn 
nave  taps  aoove  tne  ratec  voltage  m  wnicn 
case  fhev  wii:  pe  snippec  connected  lor 
ra’ec  voltages !  Tne  internal  connections 
snouio  Pe  cneexec  witn  tne  diagram  on  tne 
nameoia’e  tc  make  sure  tr.at  tne  con- 
nec’ions  are  correct  Tne  tap  setting  snouic 
also  oe  venheo  lor  tne  proper  voltage,  anc 
tnat  tne  se't  ng  is  tne  seme  tc  ah  CC''S 

A";  wind.ngs  shou'd  be  cneexed  for  continuity  It  is 
recommenoed  triS'  a  megger  test  be  periormed  tc 
make  certain  that  no  windings  are  grounded  wnicn  are 
not  intended  to  be  grounoec 

See  '  Testing''  for  aodH'Onai  tests  Shipping  braces 
Should  be  removed  i<  present  Ah  cabie  connections 


Should  be  cheexed  for  proper  use  of  hardware  (i  e 
Belleville  wasners  on  aiummum  terminals,  proper 
clearances  and  proper  torque) 

Check  again  to  insure  that  all  low  voltage  and  high 
voltage  connections  correspond  to  the  connection 
diagram 

Grounding 

The  case  and  core  and  coil  assembly  of  these  trans¬ 
formers  should  be  permanently  and  adequately 
grounded 

Grounding  is  necessary  to  remove  static  charges  that 
accumulate  It  is  also  needed  as  a  protection  should  tne 
transformer  windings  accidently  come  in  contact  with  the 
core  or  enclosure  Be  sure  that  the  flexible  grounding 
jumper  between  the  core  and  coil  assembly  and  case  is 
intact,  or  that  the  core  and  coil  assembly  is  directly 
grounded  from  the  core  clamp  through  a  flexible  lead 
insure  that  grounding  or  bonding  meets  N  E  C  and  local 
cooes 

To  insure  a  solid  core  ground,  transformers  have  a 
copper  strap  embedded  in  the  core  laminations  and 
securely  connected  to  the  core  ciarrp 

Connection* 

Make  only  those  connections  specified  by  the  name¬ 
plate  or  connection  diagram,  check  all  tap  jumpers  for 
proper  location  and  tightness,  and  re-tighten  all 
aluminum  cable  retaining  screws  after  the  first  30  days 
of  service 

This  transformer  has  been  designed  and  built  to 
provide  proper  electrical  connections  usmg  either 
cooper  or  aluminum  connecting  cable  A  protective 
plating  or  compound  which  prevents  surface  oxida¬ 
tion  of  the  terminals  was  applied  at  the  factory  This 
coating  should  not  be  removed  from  tap  or  line  term- 
ina'S  If  in  the  case  o'  protective  compounds  it 
becomes  necessa'y  to  re-appiy  i!.  clean  all  contact 
surfaces  of  oxioe  anc  re-coat  with  a  good  quality  com¬ 
pound.  following  the  manufacturer  s  instructions 
Manv  Kinds  are  commercially  available  Some  of  t^em 
are  t-enetrox  A.  Alnox-UG  and  Thomas  &  Betts  105? 
W'nen  re-coatmg  wipe  off  any  excessive  compound 

Depending  upon  KVA  rating,  this  transformer  may 
have  flexible  leads  with  bolted  type  wire  terminals. 

Cu  Al  lug  connectors  or  simply  termination  pads  for 
mounting  of  your  own  crimp  type  or  lug  type  termi¬ 
nations  The  tables  below  show  typical  torque  values 
for  installing  bolted  wire  connectors  and  cables  m  lug 
type  connectors  Check  specific  recommendations  o' 
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connector  or  lug  manufacturer. 


Bolted  Wire  Conrtectort 

Lug  Type  Connector* 

Torque 

Wire  Size 

Torque 

Boll  Size 

Inch  Poundi 

(Average) 

Inch  Pound* 

.  -  20 

70 

«14  to  »8 

70 

5  16-18 

120 

«6  to  *4 

100 

1.  -  16 

225 

•  3  to  »i 

120 

■“  -  13 

480 

1  0  to  2  0 

150 

3  0  to  200  MCM 

210 

250  to  400  MCM 

260 

500  to  750  MCM 

300 

Note:  Tighten  wait  severe/  seconds,  then  re-tighten  all 
connecting  lugs  ana  Ooiis 


Where  cable  terminations  are  supplied  by  the  user,  it 
IS  recommended  that  commercially  available,  properly 
sized.  UL  listed  screw  type  or  crimp  type  connectors 
be  used  These  terminations  should  be  attached  to  the 
cables  as  specified  by  the  termination  or  cable  manu¬ 
facturer  '"erminations  are  readily  available  from 
wholesale  electrical  distributors 

Secure  each  terminal  lug  to  its  proper  termination  bus 
bar.  Torque  all  bolts  as  shown  m  the  bolted  wire 
connector  chart  above  Do  not  install  washers  between 
the  terminal  lugs  and  the  termination  bus  bar  as  this 
will  cause  heating  and  arcing  in  that  area,  resulting  m 
connector  failure. 

Testing 

Tests  may  be  made  before  placing  a  transformer  m 
service  to  determine  that  it  is  in  satisfactory  operating 
condition  anq  to  obtain  oata  for  future  comparisons 
A  Insulation  resistance 

B  Dielectric  tests  in  the  field  in  accordance  with  ANSI 
C57  12  gl. 

The  insulation  resistance  test  aids  m  determining  the 
suitability  of  the  transformer  for  application  of  the 
high-Dotentiai  test  and  yields  useful  data  for  future 
comparative  purposes  Insulation  resistance  tests 
should  be  made  before  applying  the  hign-potential 
test  Variable  factors  affecting  the  construction  and 
use  of  dry-type  transformers  make  it  difficult  to  set 
limits  for  this  test  Experience  indicates  that  2 
megohms  (one  minute  reading  at  approximately  25"C) 
per  1.000  volts  of  nameplate  voltage  rating,  but  in  no 


case  less  than  2  megohms  total  may  be  a  satisfactory 
value  of  insulation  resistance  for  the  application  ot  the 
high-potential  test 

In  addition  to  the  insulation  resistance  and  high- 
potential  dielectric  tests,  the  following  tests  may  be 
made  if  desired 

A  Ratio  tests  for  the  full  windings  and  all  tap  positions 
B  Resistance  measurements  of  windings 
C  Polarity  or  phase  relation 

It  IS  preferable  that  these  tests,  if  planned  be  maoe 
before  applying  the  dielectric  tests 

Operation 

Placing  in  Service 

A'-er  following  the  preceding  instructions  the  trans¬ 
former  may  be  energized  It  is  recommenoed  that  the 
unit  first  be  energized  at  no  load  if  possible,  then  full 
load  may  be  applied 


Pr'-allel  Operation 

When  operating  transformers  m  parallel,  their  rated 
voltages,  impedances,  and  turn  ratios  ideally  should 
be  the  same  Their  phasor  relationships  must  be  iden¬ 
tical.  If  these  parameters  are  different,  circulating 
current  will  exist  in  the  circuit  loop  between  these 
units  The  difference  in  impedance  should  m  no  case 
exceed  10®/o  The  greater  the  differences  in  these 
parameters  the  larger  the  magnitude  of  the  circulating 
current.  v*.Tien  specifying  a  transformer  to  be  operated 
in  parallel  with  existing  units,  all  of  these  parameters 
should  be  noted 


Loading 

The  maximum  continuous  load  a  transformer  may 
supply  IS  indicated  on  the  nameplate  However,  many 
specially  designed  units  have  specific  load  capabilities 
designed  into  them  If  there  is  any  question 
concerning  the  load  capability  of  the  unit,  the  factory 
should  be  consulted  Refer  to  ANSI  Standard  C57  96 
Guide  for  Loading  Dry-Type  Distribution  and  Power 
Transformers  for  general  guidelines 

Minimum  electrical  clearances  m  the  installation  of 
lugs  and  cables  must  be  per  NEC  All  electrical 
clearances  that  are  questionable  must  be  insulated 

Overload  protection  for  primary  and  secondary  circuits 
IS  covered  by  the  National  Electrical  Code 
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Shipping  Supports 

After  the  trans'ormer  has  been  placed  m  its  permanent 
location  tne  hold-down  oolts  securing  the  core  and 
coi!  assembly  to  tne  base  or  case  must  be  removed 
Removino  these  bolts  releases  tne  sounc  isol:  on 
pads  for  maximum  effectiveness  Also  remove  any 
shipping  praces  anc  lifting  Devices  tne  core  and 
coil  or  tne  enclosure  For  easv  loer  ication,  all  of 
these  removable  parts  vvili  be  painted  a  different  color 
from  the  remaining  assembly  parts  (usually  red) 

Should  it  ever  be  necessary  to  move  the  transformer, 
replace  the  hoia-down  bolts  for  the  moving  operation 

Maintenance 

Warning:  De-energize  transformer  before  any  inspection 
or  maintenance! 

Periodic  Inspection 

Like  other  eiectricai  equipment  all  transformers 
require  maintenance  from  time  to  time  to  assure 
successful  operation  inspection  should  be  made  at 
regular  intervals  and  corrective  measures  taken  when 
necessary  to  assure  the  most  satisfactory  services 
from  this  equipment 

Operating  conditions  determine  the  frequency  at 
which  these  transformers  shOwid  be  inspected  For 
Clean  dry  locations,  an  annua  inspection  may  be 
sufficient  However,  for  other  locations,  such  as  may 
be  encountered  where  the  air  is  contaminated  with 
dust  or  chemical  fumes  more  frequent  inspections 
may  be  required  Usually  after  the  first  few  inspection 
periods,  a  definite  schedule  can  be  established, 

W'th  the  trans'oi'mer  de-energiced.  enclosure  panels 
Should  be  removed  Inspection  should  be  made  for 
dirt  especially  accumulations  on  insulating  surfaces 
where  such  accumulations  could  restrict  air  flow 
Inspection  Should  also  be  made  for  loose  connections 
fo'  the  condition  of  terminal  boards,  and  tor  the 
general  condition  of  tne  transformer 

Oose-yations  should  be  mace  fO’’  signs  o'  overheating 
and  o'  vcitage  creepage  over  msuiating  surfaces  as 
evidenced  b>  t'acxir.c  o-  ca-bonization 

Evidence  o>  rustmg  comosion  and  deterioration  of  tne 
pain;  Should  o&  looxec  for  anc  corrective  measures 
shou'd  be  taken  wnere  necessi 'y  Furthermore  tans, 
mo’c's  anc  ctne'  ajx'i.ary  devices  should  be 
mspcctec  anp  servicvd  during  inspection,  periods 

Jackscrew  Assembly  Adjustments 

Check  fo'  loose  lacksc'ew'  assempiies  by  attempting  to 
move  the  coi'  biocx  from  side  to  side  H  they  move, 
t.gnten  the  lacksc'ew  assemDl>  following  the  outlined 
procedure  (Cautio"  should  be  observed  when 


nar^dling  nuts,  bolts  and  washers  to  prevent  cropping 
them  into  the  coils  ) 

A  ~ighten  lower  jacking  nut  while  holding  jacking  bolt 
until  coil  block  can  no  longer  be  moved  b>  nano 
B  Tighten  lower  jacking  nut  an  additional  '  turn 
C  Apply  air  dry  varnish  to  nut  and  bolt  assembly 
D  Repeat  as  required  on  other  jackscrew  assemblies 

Determining  Dryness 

The  measurement  of  insulation  resistance  is  of  value 
in  determining  the  status  of  drying  Measurements 
should  be  taken  before  starting  the  drying  process  and 
at  two-hour  intervals  during  drying  'he  initial  value,  if 
taken  at  ordinary  temperatures,  may  be  high  even 
though  tne  insulation  may  not  be  dry  Because 
insulation  resistance  varies  inversely  with  temperature 
the  transformer  temperature  should  be  kept 
approximately  const  't  during  the  drying  period  to 
obtain  comparative  t  .adings.  As  the  transformer  is 
heated,  tne  presence  of  moisture  will  be  evident  by  the 
rapid  drop  m  resistance  measurement.  Following  this 
period,  the  insulation  resistance  will  generally  increase 
gradually  until  near  the  end  of  the  drying  period  when 
It  will  increase  more  rapidly  Sometimes  n  will  rise  and 
fall  through  a  short  range  before  steadying,  because 
moisture  m  tne  interior  of  the  insulation  is  working  out 
through  the  initially-dried  portions  A  curve,  with  time 
as  aoscissa  and  resistance  as  ordinate,  should  be 
plotted,  and  the  run  should  be  continued  until 
resistance  veis  off  and  remains  relatively  constant 
between  f  je  and  four  hours. 

Caution:  Insulation  resistance  measurements  should 
be  taken  I'om  each  winding  to  ground,  with  all 
windings  grounded  except  the  one  oeing  tested 

Before  taking  insulation  resistance  measurements,  the 
winding  should  be  short-circuited  and  grounded  lor  at 
least  one  minute  to  dram  of!  any  static  charge 

All  readings  should  be  for  the  same  time  of  application 
of  the  test  voltage,  preferably  one  minute 

Methods  of  Drying 

General 

As  long  as  tne  transformer  remains  energized 
humidity  conditions  are  of  no  importance  However  if 
a  dry-type  transformer  is  de-energized  anc  allowed  'o 
cool  to  ambient  temperature, consideration  must  be 
given  to  the  possible  effects  of  humidity 

I'  the  shutdown  period  occurs  during  low  humidity 
co'^ditiohs.  no  special  precautions  should  t  -auirec 
be'ore  energizing  the  unit  But,  experience  cates 
that  if  a  shutdown  exceeding  2^  hours  occ^  .  cu'mg 
a  period  of  high  humidity,  particularly  i'  atmospheric 
conditions  are  such  that  they  cause  condensation  to 
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Methods  of  Drying  Continued 

appear  witnm  the  housma  o'  toe  transformer,  then 
precajtions  must  De  taken  Small  s'np  heaters  ma',  be 
piacec  in  the  bottom  of  the  unit  shcrtiv  after  sbui- 
oowr  to  maintain  the  temperature  of  the  transformer  a 
few  Degrees  above  tnat  o'  me  outsioe  air  If  sucn  a 
precaution  IS  not  taken  tne  transformer  soouic  be 
inspected  for  evidence  of  moisture,  and  tne  insulation 
resistance  should  be  checked  If  moisture  is  present  or 
it  me  insulation  resistance  is  low,  the  transformer 
shouic  be  dried  out  by  one  o'  tne  methods  described 

Drying  of  Core  and  Coil  Assembly 

vVnen  It  IS  necessarv  to  O'y  out  a  transformer  before 
nsraiiation  or  a'ter  an  extended  shutdown  under 
'eiativefy  high  humidity  ccndit  ons  one  of  me  toiicvvinc 
methods  may  be  usee 
A  External  heat 
3  internal  heat 
C  External  and  mte'nai  neat 

Before  applying  any  of  thes"  methods,  free  moisture 
sn.ouiG  be  blown  O'  wiped  of'  of  tne  windings  to 
'educe  the  time  o'  me  crying  pe'ioc 

Drying  by  External  Heal 

External  heat  mav  o?  aopiied  to  me  tra-s'o'me'  p\ 
cne  o'  mo  following  memodi 

A  Bv  direcmg  heatec  air  into  ‘"e  bottom  air  imets  of  'he 
,'ans'ormer  case 

E  By  piacmg  me  co'e  and  coii  assembly  m  a  su.tabiv 
ventilated  oven 

!•  IS  impo'tant  that  most  c'  the  neated  air  passes 
t-roud"  tne  winding  ducts  and  not  around  tne  sides 

Good  ventilation  is  essential  to  present  condensation 
''om  taking  place  within  tne  transformer  or  ins'ce  the 
case  A  su'ficient  cuantity  o*  an  should  oe  used  to 
ir'Su'e  app'Cxi''~ate' ■.  ?dua'  m'et  anc  cuPet 
•ernpe'atu'es 

Vihen  usme  the  firs'  external  '^eatmo  "netnod  r-ea: 

'"ay  oe  obtained  b>  me  use  o'  res'S  ance  grids  c' 
sbace  heaters  These  ma\  be  mca'ed  ms  de  tne  case 
cr  mav  be  Diaced  ou'sice  and  me  neat  now"  mto  tne 
cotton"  c'  tne  case  t-ip  core  a"ic  co  '  assembly  snou’d 
b?  care'uiK  protected  acai’  j  ran  atior  tror-  me 

"eate's 

It  IS  recommended  t"at  tne  a"  'emperature  not  exceed 
■10  C 


Drying  by  Internal  Heat 

Th's  method  IS  relatively  slow  anc  should  be  used 
only  when  the  Other  two  mietnods  are  unavailable 

Tne  transformer  should  be  located  to  allow  free  cir¬ 
culation  of  air  through  the  coils  trom.  the  bottom  to  tne 
top  of  tne  case  One  wmamg  snouic  be  short-cir- 
cuileC.  anc  sufficient  voltage  at  normal  frequency 
snouic  be  appiieC  to  the  other  winding  to  circuia’e 
approximately  normal  current 

It  is  recommended  that  the  winding  temperature  not 
be  allowed  to  exceed  lOO  C.  as  measured  by  resis¬ 
tance.  or  by  thermometers  placed  m,  me  ducts  oe- 
tween  tne  windings  The  thermometers  used  should  be 
tne  spirit  type,  mercury  thermometers  give  erroneous 
readings  due  to  the  generation  of  neat  m  the  mercmy 
resulting  from,  induced  eddy  currents  "rne  end 
terminals  of  tne  windings  (anc  not  me  taps)  must  n.' 
used  in  order  to  circulate  current  through  tne  enure 
winding  Proper  precautions  should  be  taken  to 
protect  the  operator  from  dangerous  voltage. 

Drying  by  External  and  Internal  Heat 

This  IS  a  combination  o'  tne  two  m.etnoos  previous;', 
described  ana  is  by  fa'  tne  cuickest  method  "ne 
transformer  core  and  coil  assemb'.  snouid  oe  kept  i"  ns 
own  case  wnen  suitapie  and  exte'nai  neat  applied  as 
aescriDea  m  the  first  metnodi  as  current  is  circulated 
through  me  w.noirgs  las  cesc'ihyd  m  tne  secc''c 
metnoC'  Tne  current  reourec  w'l  i  oe  cons.doraciy 
less  than  when  no  e>.tcrna^  heatmg  is  used  but  sncu  d 
be  Sufficient  to  proouoe  the  desired  tem.peratu'e  o’  tne 
w  namgs  It  is  recommended  mat  tne  temperature 
attained  not  exceed  those  statec  m  tne  toregoin; 
paragraons 

Removal  from  Service 

i‘  a  unit  IS  to  be  oft  more  man  2a  hours,  provisiO''s 
Should  oe  maoe  to  prevent  tne  core  anc  coils  from 
taking  on  moisture  Refer  to  '  Storage  " 

r  the  unit  IS  be  moved  it  will  be  necessary  to  replace 
me  co'e  and  coil  nold-cown  bolts  anc  anv  snipping 
b'aces  mat  might  protect  tne  assempi.  curing 
movement 

Cleaning 

I'  excessive  accumulations  of  cirt  a'c  four^d  orr  tne 
■ranstO'mer  windings  Or  msuiatO'S  when  tne  trar's- 
'ormer  ;s  inspected  the  oi't  should  be  'emoved  to 
permit  t'ee  circulation  o'  air  anc  tc  guard  aga  nst  tne 
possibility  o'  nsuiat  on  breakdowns  Particular  atte"- 
t'Cn  should  b-  given  to  Cli-  "ing  the  top  and  bottom 
ends  of  tne  w  rdings  assemolies  anc  to  cleaning  out 
tne  ventilating  ducts 

Tne  windings  '"'ay  be  cleaned  with  a  vacuum  cleaner, 
a  blower,  or  wit"  compressed  air  The  use  of  a  vacuum 
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cleaner  is  preferred  as  the  firs*,  step  m  cleaning, 
foilowec  by  tne  use  of  compressed  air  or  nitrogen  Tne 
compressed  air  or  nitrogen  should  be  clears  ano  dry 
ana  should  be  applied  at  a  relatively  low  pressure  (not 
over  25  pounds  per  sauare  inch)  Lead  supports, 
terminal  boards,  bushings  anc  other  m,aio’  insulation 
surfaces  should  be  brushed  or  wiped  with  a  dry  cloth. 
The  use  of  liduid  cleaners  is  discouraged  as  some  of 
them  have  a  solvent  or  oetenoratmc  effect  on 
insulating  materials 

Renewal  Parts 

Should  a  transformer  be  damaged  and  new  parts 
needed,  write  to  National  Inpustri  giving  full 
nameplate  information  Be  sure  to  mciuae  the  serial 
number  and  a  description  of  the  part  desired  If  the 
proper  name  of  the  part  is  in  doubt,  a  simple  sketch  or 
photograph  will  expedite  prompt  shipment  to  you. 
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Trouble  Shooting 

Transformer  failure  may  occur  in  either  the  electric, 
magnetic  or  dielectric  circuit 


Symptom  Cause 

Electric  Circuit 

Overheating  .  Continuous  overload  —  wrong  external  connections  -  poor  ventilation  - 

high  surrounding  air  temperature.  (Rating  is  based  on  30  Degree  C  average 
temperature  over  24-hour  period  with  peaks  not  to  exceed  40  Degree  C.) 

Reduced  or  Zero  Voltage  .  Shorted  turns  -  loose  primary  tap  connections 

Excess  Secondary  Voltage  .  Inout  voltage  high  -  improper  primary  tap  connections 

High  Conductor  Loss  .  Overload  -  tap  connections  not  on  identical  tap  positions 

Coil  Distortion  .  Coils  short  circuited 

Insulation  Failure .  Continuous  overloads  -  dirt  accumulations  on  coils  -  mechanical  damage 

in  handling  -  lightning  surge 

Breakers  or  Fuses  Opening  .  Short  Circuit  -  overload. 

Excessive  Cabie  Heating  .  Improper  bolted  connection. 

High  Voltage  to  Ground  .  Usually  a  static  charge  condition. 

(using  rectifier  or  VTVM  meter) 

Magnetic  Circuit 

Vibration  and  Noise  . .  Low  frequency  -  high  input  voltage  -  core  clamps  loosened  m  shipment  or 

handling  -  improper  primary  tap  connection. 

Overheating  .  High  input  voltage. 

High  Exciting  Current  .  Low  frequency  -  high  input  voltage  -  shorted  turns. 

High  Core  Loss  .  Low  frequency  -  high  input  voltage 

Insulation  Failure  .  Very  high  core  temperature  due  to  high  input  voltage  or  low  frequency 

Dielectric  Circuit 

Smoke  .  Insulation  failure. 

Burned  Insulation  .  Lightning  surge  -  switching  or  line  disturbance  -  broken  bushings,  taps,  or 

arrestors  -  excess  dirt  or  dust  on  coils 

Overheating  .  Clogged  air  ducts  or  inadequate  ventilation. 

Breakers  or  Fuse  Open  .  Insulation  failure 


If  any  of  the  above  symptoms  are  noticed,  the  trans¬ 
former  should  be  removed  from  service  at  once 
Immediate  attention  to  the  problem  may  save  a  large 
repair  bill  In  many  instances,  the  trouble  can  be  found 
quickly  and  the  unit  returned  to  service 

If  the  trouble  cannot  be  definitely  corrected,  no  further 
use  should  be  made  of  the  transformer  until  the  cause 
has  been  found 

It  may  be  necessary  to  remove  the  core  and  coils  for  a 
closer  examination  If  no  apparent  fault  can  be  found 


the  core  and  coil  may  have  to  be  disassembled  for  a 
complete  inspection  Removal  of  the  coils  from  the 
core  IS  a  factory  or  service  shop  operation.  As  this  will 
mean  replacing  many  insulation  parts  when 
reassembling,  it  is  advised  that  the  trouble  be  reported 
to  the  nearest  National  Industn  representative,  before 
any  dismantling  takes  place.  Factory  advice  may  again 
save  a  large  repair  bill  When  writing,  describe  the 
nature  of  the  trouble,  the  extent  and  character  of  the 
damage,  and  list  all  nameplate  information. 
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Application  Data 

'■’^e  forced  air  coonoc  svsiem  is  aes^cned  for  use 
.c-niiiatec  dry-t/pe  and  cas;  coii  transformers  Forced 
a:'  cooling  IS  avaiiao'e  c''  transformers  300  -  3*50 
KV  A  to  Supply  an  additional  33-1  3‘Il'  of  overload 
capability  to  am.pient  air  ratmc  Consult  factory  tor 
overload  capabilities  above  3750  KVA  and  special 
applications  not  mentioned  above 

Description 

National  InCuStri  Transformers  inc  offers  3  options  m 
forced  air  cooiinc  eojipmeni  Tne  3  basic  opt  ons 
include  me  tonovuino  ecuipmen: 

Of'tion  A  —  Future  Forced  Air  Cooling 

1  Insulated  tube  well  m  low  voltage  winding  for 
future  addition  of  temperature  sensing  device 

2  Properly  sided  Dus  for  increased  capacity  of 
transformer 

3  A  control  box  with  a  hinged  blank  door 

Option  B  —  Provision  For  Future  Forced  Air  Cooling 

4  All  Items  described  unde'  Option  A 

5  A  hinged  door  witn  dial  type  temperature 
indicator  with  3  SPOT  adjustable  alarm 
contacts  anc  a  maximum  temperature 
indicating  pointer  with  reset 

Option  C  —  Complete  Forced  Air  Cooling 

6  Fan  mounting  brackets  for  maximum  cooling 
efficiencv 

7  Ail  Items  described  under  Option  B 

e  Automatic  control  panel  equipped  witn 
indicating  lights  and  ala'm  bell 
9  Fan  motors  anc  blades 

10  120  VAC  powe'  source  supplied  if  snecTied  at 

time  of  order  entry 

Ordering  Information 

To  orce'  lo'ced  ai'  cocimc  eauipmen;  seiect  ‘rorn  me 
description  above  Option  A  B  or  C  anc  sc  state  m.a: 
seiectiO't  on  o'oe' 

Control  Power 

Contro'  Dowe'  shouic  be  supplied  b\  customer  f'om 
anv  available  '.20  VAC  supply  Tne  amount  o'  powe' 
required  tor  operation  of  me  Fan  coolmg  system  will 
va'y  witn  size  o'  transfo'mer  being  supplied  Gene'ai 
reauirements  fO'  transformers  UP  to  3000  VA 
(ambient  air  rating;  1500  VA  Consul!  factory  for 
larger  iransfo'mers  If  120  VAC  control  power  is  ■'ct 
avaiiapie  control  power  may  be  furmsneC  b>  facto'y 
from  the  secondary  0'  le  m.ain  transformer  if 
specified  at  time  o'  order  entry  in  cases  wnere  control 


cower  is  to  be  supplied  by  tne  tactory  tne  customer  s 
o'oe'  sniQuid  oe  written  e  c  1500  200G  AA  FA  Option, 
C  Fo'ced  Air  Cooling  witn  control  power 

3  coil  sensing  ts  available  as  a  separate  package  - 
consul:  factory 

Future  Addition  of  Forced  Air  Equipment 

Forced  air  equipment  may  be  added  in  the  field  to 
transformers  that  were  equippec  by  tne  tactory  with 
Future  Forcec  Air  or  Provision  FO'  Future  Forced  Air 
Cooling  (Option  A  and  Bi  Most  units  tnat  require  the 
addition  of  a  tan  cooling  system  can  be  readily 
modified  in  the  field  Some  of  tne  units  which  have 
been  m  service  for  longer  periods  of  lime  may  require 
a  more  extensive  conve'Sion  process  When  ordering 
equipment  for  completion  of  forced  air  cooling,  tne 
serial  number  of  the  unit  on  which  tans  are  being 
added  must  be  supplied  with  tne  order 

National  industri  reserves  the  right  to  alter  any  of  the 
equipment  described  m  this  information. 

Forced  Air  Cooling  Equipment 


KVA 

( 1 )  No  of 
Motors 

(2)  Fan  Blaoe 
Diameter, 

30C 

6 

7*’ 

301-500 

6 

S” 

501-750 

6 

Q" 

751-1250 

6 

10" 

1251-2000 

12 

9" 

2001-3000 

12 

10" 

Above  3000 

(31 

(31 

Table  1 


Notes: 

Ml  Fan  motors  are  1550  RPM  120  Volt  0  7  Amp.  1  83 
H  P  each 

(2'  Fan  blades  are  jncoatec  alum, mum, 

(3)  Consult  factory 
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Thermostat 

Tne  control  Circuit  elements  ai  e  actuated  by  tr^ermo- 
meter  contacts  m  the  Qualitro!  model  lO^t-O'S-Oi 
temperature  indicator  assembly 

The  thermostat  is  of  the  bouroon-tube  type  and  is 
connected  with  capillary  tubmg  to  a  bulb  installed 
directly  in  the  air  duct  of  the  center  transformer  coil, 
where  It  transmits  the  winding  hot-spot  temperature 

Forced  Air  Cooling  Equipment  Contact  Settings 


Contacts 

(1) 

220' C 
Max 

Total 

Temp 

erature 

(2) 

185  =  C 

Max 

Total 

Temp 

erature 

(3t 

iSO^C 

Max 

Total 

1  emp 
erature 

Contact 

Position 

Recom- 

menoed 

Circuits 

Dead 

Band 

- 

ue't 

Fan 

17  .'C 

180'C 

145’C 

110‘C 

Control 

T 

Center 

Alarm 

5’C 

210C 

175'C 

140' C 

Ftipnt 

Auxiliary 

e^c 

.20-C 

135=C 

150'C 

Table  2 


( 1 ).  Standard  settings  for  conventional  Open-Wound 
Transformer  Forced  Air  Cooling  System.  Used 
oneO'C.  lOO'C  tlS’C,  and  150=C  Rise 
Transformers  unless  specified  otherwise 

,2)  Standard  settings  for  Cast-Coil  Transformer 
Forced  Air  Cooling  System  Used  on  80°C, 

100°C,  and  115°C  Rise  Transformers  unless 
specified  cthe'wise, 

(3)  Optional  Settings  for  Cast-Coil  and  Open-Wound 
Transformers  Forced  Air  Cooling  System  Used 
when  80°  C  IS  to  be  maintained  at  Forced  Air 
Cooling  Rating 

Field  Conversion  from  Option  A  —  Provisions  tor 
Forced  Air  Cooling  to  Option  B  —  Future  Forced  Air 
Cooling. 

A  tube-well  m  the  center  coil  of  the  transfo'^mer  will 
normally  be  provided  for  most  installations  If  no  tube- 
well  exists  in  older  units,  consult  factory  for  details 

The  temperature  sensing  bulb  of  the  temperature 
indicator  should  be  fully  inserted  into  the  tube- 
well  as  shown  on  Fig  4 


Proper  air  clearances  must  be  maintained  from  any 
transformer  live  part  to  capillary  tubing  and 
temperature  indicator  General  guidelines  for  such 
ctearances  are.  up  to  5  KV  —  2'/j",  up  to  15  KV  —  6  " 

Replace  hinged  blank  door  over  cutout  in  transformer 
enclosure  with  tempe'ature  indicator  panel  with 
indicator  and  terminal  block  attached.  Indicator 
contacts  are  available  on  this  terminal  block  for 
connection  to  remote  devices,  see  Fig.  1. 

Field  Conversion  from  Option  B  —  Future  Forced  Air 
Cooling  to  Option  C  —  Complete  Forced  Air  Cooling 

Fan  mounting  bracKets.  if  not  already  installed,  should 
be  mounted  as  per  Fig  6  Use  existing  bolts  in  bottom 
flange  of  bottom  transformer  clamping  channel  if 
available  and  if  m  appropriate  position  Otherwise 
weld  brackets  to  the  oottom  flange 

Remove  hinged  indicator  panel  from  cutout  in 
transformer  enclosure  and  replace  witii  FAC  control 
panel  Connect  contact  wires  to  terminal  block  on  rear 
of  control  panel  per  terminal  numbers  as  shown  on 
Fig  7 

Fan  motors  should  be  mounted  on  the  mounting 
brackets  using  lock  washers  on  all  screws  Fan  blades 
and  rubber  sound  vibration  reducing  washer  should 
be  installed  ^  locating  pms.  and  secured  with  lock 
washer  anc  t. 

Wire  SIX  fan  .otors  m  parallel  and  connect  to  terminal 
points  1  and  2  on  terminal  block  on  rear  of  FAC 
contro'  panel  If  12  motors  are  required,  wire  the 
remaining  six  motors  in  parallel  and  connect  to  points 
3  and  4.  Connect  120  VAC  to  terminal  points  11  and 
12  on  same  terminal  block 
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Transformers 


Forced  Air 
Cooling  System 


Ventilated  Dry  and 
Cast  Coil  Transformers 

l‘  CPT  'S  requ-red.  mount  un!'  anc  fuses  m  a  suitao^e 
location  and  connect  as  oe'  Fig  9 

Prope'  air  clearances  must  Pe  maintained  be'ween  all 
trans'O'mer  live  pa'ts  anc  tan  motors  niaoes  and  ail 
control  wiring 


re  Gicitai  un  :s  jee  separate  instruction  manual 


Temperatue  Indicator  Contact  Wiring 


Fig.  1 


RED 
WHITE 


BLACK 


16 


BLUE 


ORANGE 


GREEN 


BLK  'WT 


VELLOW 


BROWN 


1  "^ne  temoerature  indicator  is  equipped  witd  3-SPDT  contacts,  each 
inoependentiy  adiustaole  over  a  proac  temperature  range 

2  Contact  Rating  10  Amp  (a  125  250  VAC 

5  Amp  (5  125  VDC  (Non-inductive) 

.25  Amp  (®  250  VDC  (Non-inductive) 

3  Contacts  are  wired  to  control  elements  m  FAC  pane!  m  Option  C:  or  to 
customer  termmanon  points  for  connection  to  remote  devices  m  Option 
B 

Contact  settmes  are  norrr.aliy  factory  preset  For  possible  field  adjust- 
m,ents  refer  tc  Table  2 
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Forced  Air 
Cooling  System 


Dry  and  Cast  Coil  Transformers 


Temoerature  Indicator 

1.  Black  temperature  indicating  pointer. 

2.  Red  maximum  temperature  pointer. 

3.  Maximum  temperature  pointer  reset  button. 

4.  Removable  bezel  ring  for  access  to  contact  settings. 

5.  Three  adjustable  contacts  for  connection  to  remote 
controls  and  alarm. 

6.  Temperature  sensing  bulb. 

7.  Contact  leads. 


2’V  -  -  2'/r" 


Field  Installation  of  Temperature  Indicator 


1.  When  indicator  is  supplied  for  fit  ^  installation  in  an 
enclosure  which  does  not  have  provision  for  mounting 
of  device,  the  cutout  and  drilling  shown  at  left  will  be 
required. 

2.  Cutout  should  be  made  in  non-removable  panel. 

3.  Mount  indicator  with  flange  inside  of  panel 

4.  Cutout  should  be  m  a  location  that  provides  adequate 
clearance  to  transformer  live  parts.  Indicator  extends 
y/i"  inside  of  panel. 
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Cooling  System 

Dry  and  Cast  Coil  Transformers 


v'.f 

1  ms'a:  ’■’C  ;a'o-  such  it-.a;  aOeouaie  ciea'aocf  lo  I've  oaMs  is  main-.ained  fo'  indicator 
and  caoi  a' ,  :  jo  n? 

2  E  ne-cise  ca-e  no;  to  c'osf  sens  nc  tjuio  and  not  to  make  snarp  bends  in  caoiiiar,  tube  Co  i  e«cess 
lenqtn  o'  caoiiia'v  tube  and  suooo't  to  p'even;  damage  tc  tube 

3  ^ou'r’  '3"  mo’3’  '.vir  nq  to  mamtam  aoeuuate  ciea'ance  to  !rans*o'me'  live  parts 
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Dry  and  Cast  Coil  Transformers 


Transformers  weed  Air 

Cooling  System 

Dry  and  Cast  Coil  Transformers 


SILENCE 


S2)  ALARM 


AUTO 


THERMO. 
SW.  2 


.  -  ,(into  FAC  box) 


HEAT  SENSING  BULB 
(to  center  coil  of  transformer) 


thermo  SW.1 


MAN. 

fS3)  FANS 


thermo 

SW3  SW3 


1  12  3  (4  5  6  7  8  9  10  11  12 


•  ALARmJ 


POWER 


30  A 
FUSE 


GRND  I  POWER 


Transformers 


Forced  Air 
Cooling  System 


Dry  and  Cast  Coil  Transformers 

FAC  Instructions 

:  Supply  of  "20  volts  -  6G  or  100  volts  -  50  Hz  to 

po'rits  11  aoc  12  of  coritroi  panel 

2  Panel  IS  ae-ene'’Qizec  vkitn  rriam  switcn  m  OFF' 
position 

3  V.'itn  Circuit  treaters  in  ON  position  the  green 

POWEPI  pilot  light  indicates  tnat  panel  is 
energ.zea  T ransforme'  mav  be  operated  at  it  s 
forced  air  ratmc;  only  if  this  light  IS  on 

•SA  Move  FANS  svwitch  ic  ■  AUTO  position  ThisiS 
the  no'mai  position  tor  operating  fan  controller 
When  the  ternperaiure  o'  Ti  contact  is  reached, 
contact  T 1  Closes  me  amber  FANS  light  is 
ene'g. zed.  fan  motors  operate  Tne  fan  motors 
and  the  FANS'  light  will  continue  to  operate 
until  the  temperature  falls  15-20'  C  below  T1 
contact  setting 

4B  Move  FANS'  switch  to  "MANUAL  position 
This  lunciton  by-passes  the  automatic  contro.s 
and  operates  fan  continuously  Tms  position 
Should  be  used  only  for  emergency  operation  or 
testing  of  ‘an  mcto's 

5  If  temperature  continues  to  rise  above  Ti  contact 
setting  and  T2  contact  setting  is  reached,  contact 
T2  Closes,  energizing  the  red  ALARM  light,  the 


local  annunciator,  and  the  remote  'ALARM" 
contacts  on  the  rear  terminal  board  The  local 
annunciator  and  the  remote  ’  ALARM"  contacts 
may  be  de-energized  by  momentarily  moving  the 
'  ALARM'  switch  to  "SILENCE"  position,  while 
overload  condition  is  being  adjusted  The  red 
■  ALARM’  light  will  remain  lighted  until 
temperature  falls  5-10'  C  below  T2  contact 
saetting  The  "ALARM"  circuit  also  resets  itself  a: 
this  point 

®  Move  '  ALARM  ”  switch  to  "TEST"  position  to  tes 
operation  of  the  ALARM  "  light,  local 
annunciator  and  remote  "ALARM"  relay 
operation  Tne  red  ALARM'  light,  local 
annunciator,  and  remote  "ALARM"  relay  will  all 
remain  actuated  as  long  as  the  ALARM"  switch 
IS  held  in  the  "TEST "  position 

7A  Auxiliary  circuit  for  remote  "  ALARM" 

connections  are  provided  at  points  5  and  6, 
Device  Should  be  rated  maximum  120  vac,  3 
amps  Power  is  provioed  *rom  fan  control  panel 

73  Auxiliary  Circuit  for  remote  "TRIP  ”  connections 
are  provided  at  points  7,  8  and  9  Device  should 
not  exceed  3  amps  125  ’25C'  vac  and  should 
include  Its  own  source  of  supply  power. 


Transf  ormers  Forced  Air 

Cooling  System 

Dry  and  Cast  Coil  Transformers 


Primary 


Notes  1  Points  A  and  B  connected  to  240  or  480  volt  soppiy 

2  Fuses  —  see  table  beio  ^/ 

3  Connect  primary  of  CPT  for  correct  input  voUage  See  CPT  nameplate 
tor  proper  connection 

4  Connect  secondary  of  CPT  as  shown  py  dotted  lines 

5  Output  of  CPT  connected  to  tern-.inai  points  1 1  and  12  of  FAC  panel 
See  Fig  7 


Mam 

Input  Voltage 

Fuse  Si7e 

Transfoimer 

to  CPT 

Required 

Up  to 

240V 

250V  9A 

3000  KVA 

480  V 

600V  •  5A 

Above 

3000  KVA 

480V 

600V  9A 

Table  3 
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Cimo6'9  Smim  SO  XL  inaOiiMta 
prowdt  hoi  ipot  tooiporoturo  omoo* 
iFooMiit,  tan  on^fl  ooirtrol,  tavs 
todteatton.  nudta  ntars.  «1p  Mention, 
and  trip  and  atana  owftdiao  tar 
*y-typa  tnanofonnara.  Thana  inahv- 

dm  MidmiHi  taaparmro  that  la 
aipariaiicod  by  dm  throo  ranaloraiar 


OPERATION 

Aa  ttw  tamparatire  of  lha  Tanafermar  hot 
apot  dtmgat,  tha  ambient  oompanaated 
dreut  proi^  acorata  indcatian  of  lha 
h^yiaat  tampaatua  vdach  tha  3  tharmo- 
ootftaa  aanaa.  Thia  hl^iaat  tampara&ra  ia 
uaad  to  diva  tha  conrol  109c.  Tha  aat  pcaita 
for  tha  awiten  and  i^it  oparabon  ara 
anargdad  bom  lha  aama  circuit  which  divaa 
tha  Indcatv  on  tha  faca  of  Via  panai.  Tha 
ahrm  and  tip  raiaya  hava  a  5^  hyalaryaia  to 
maintain  alarm  and  tip  nformabon.  Tha  fan 
conrol  haa  a  25X^  hyataryaia  to  ha^  axtand 
tha  Ifa  of  tha  fana  and  tha  fan  relay  contacta. 
Tha  poaar  l^it  ia  gaan.  tha  fana-on  isht  ia 
yataw,  tw  atom  f^it  ia  rad,  and  tip  f^it 


THERMOCOUPLES 

Thaaa  inarjmanta  uaa  Type  *P 
tharmocouptaa.  Type  *E”  tharmooouplaa  ara 
uaad  to  reduce  tha  intoduction  of  an’ora  that 
can  occur  if  tharmocotftaa  va  uaad  that 
contain  magn^  matariala.  T>w  apadaly 
conatuctad  Cimeo  tharmocoifaaa  can  be 
imbedded  into  tha  1.2  KV  dy^ypa  cola  to 
aanaa  tha  hoHpot  tamparatura  (fraclly 
tathout  concern  fa  thermal  gadanta  within 
thacola.  c- 


P.O.BOX24l>lf4MeMST. 

WMlUedwo^PAtltSI 

(412)S2M5SI 


FAIL  SAFE  FEATURES 

•  With  loaa  of  powa .  Alarm  tana  on 

•  WNhioeaofany  tharmocoupia.  Alarm  and 
Fanrataya  ton  on  wMta  tha  tip  drait  doaa 
not  ton  on  unda  aitha  of  tha  above 
condiorM. 

•  tffancontoiaiMtchialnoffpoattionalffan 
conrol  lo^  ia  inopartiiva.  tha  tip  function 
wl  ton  on  fana. 


INSTAUAT10N 

•  Complala  inatudiona  ara  printad  on  tha 
bade  aide  of  tha  matumant  next  to  tha 
ta  -tala. 

•  Ai  rataya  ara  indudad  in  tha  ktatumanl 

•  120  /  240  VAC  input  powraefadion 

•  rVW  mOUnlM 

•  One  piaca  inatalation 

•  Volfyaccaacybyraadngambiantttatan 

•  Sat  pointa  aa  a<%jatabla  by  tanafornwr 
manufadoa 

•  Verify  aat  pointa  with  aalMaatfaalaa 

•  Uaa  Type  *P  tharmocotftaa 

•  Tha  rad  tharmocoupia  lead  ia  *na9Btve'. 


CONSTRUCTION 

Al  of  tha  nacaaaary  creuity  and  ralaya  aa 
andoaad.  An  attadiva  face  plata  covara  tha 
amal  cabinat  and  ia  uaad  to  mount  tha 
inatumant  in  tha  dytypa  tanafama  ahaat 
matai  andoaaa.  Al  connading  terminal 
poinia  aa  located  on  tha  bade  of  tha 
inatumant  and  aa  dearly  labalad  to  help 
reduce  arra  doing  hatalaben. 
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OPERATIONAL  CONTROLS 

•  FAN  CONTROL  SWITCH 

The  fm  conrd  wMtdt  can  tw  in  Sm  automatic,  manual,  or  off  poaibon.  In  automatic, 
f»«  Bin  on  and  off «  tfw  pravioualy  aat  tana  ory«)d-off  temparaiire.  In  tha  manual 
poaibon,  tana  wl  ba  turwd  on  at  al  bmaa.  In  tha  off  poaibon.  fan  poaar  ia  not 
avaiaNa  to  tha  fana. 

•  ALARN 

Tha  operator  can  alanca  tha  local  aiarai  locatad  on  ttw  hxit  panal  of  tfia 
inaeumant  Tha  ramola  alarm  conbnuaa  unN  tha  alann  condbon  daara.  Tha 
complala  alarm  circuit  ia  taatad  by  uaing  tha  aalf  taat  faabra. 

•  SELF  TEST 

Tha  mN  tMt  faaBra  providaa  tha  operator  wib)  be  afaity  to  teat  al  eat  pointa 
wHhout  bia  naad  for  addbonal  inabumantabon.  Tha  puah  and  hold  conbol  anar9zaa 
bta  taai  cbculL  Tha  make  and  break  aat  pomta  are  checked  by  chan^  bta  turn  to 
check  conrol  and  comparing  bte  ornbl  acbon  of  be  fane  on,  alarm,  and  tip 
wibi  bw  indcabon  on  bia  raad^  Tha  fana,  local  and  remote  aiarma,  and  tip 
are  Brnad  on  by  bta  aalf  tact  faetira.  Tha  tip  relay  e  not  anar^zaddiingaalf  teat 

Tha  aalf  teat  faatira  con  alao  be  uead  to  change  b>a  aat  pointa.  Contact  the 
ranafoTBar  oMnufactirar  before  attaapting  to  chan^  aat  pointa.  Tha 
aa»  pointa  are  aatabiahad  to  protect  bte  inaulabon  ayatam  aa  wel  aa  bw  alaclicai 
operating  ayatam. 

Tha  aalf  teat  faatira  can  alao  be  uaad  to  teat  bte  antra  aiactical  conbol  achama 
and  fane.  Tha  lip  droit  wl  not  anargiza  whan  uaing  bw  aalf  ted  fao&ra. 

•  NAXlblUN  TEMPERATURE  MEMORY 

Tha  MiUMB  taayaratira  amaory  ie  daplayad  on  the  matv  by  praaaing  bw 
puah  to  read  conbd.  Tha  maximum  mamory  ia  arnaad  by  praaaing  b»a  puah  to  raaat 
conrol.  Tha  manmum  tamparatira  memory  n  ratainad  in  bie  alacbonica  for  30 
daya  or  mora  if  bia  poanr  to  b»a  inabumant  ia  loat  A  battary  m  not  uaad  to  retain 
memory. 

•  THREE  THERMOCOUPLE  SELECTOR 

Tha  ttrea  tharBocoupIo  aafoctor  faaHra  oparalaa  automalicaly  to  select  b»e 
hottsat  phoaa  to  be  uaad  in  bia  conbol  lo^.  To  read  bia  tamparabra  of  bw  ofhar 
pheaaa,  praee  bw  corraapondng  conbol  button.  Tbraa  ndcata  which  phoaa 
ia  bw  hottest  and  ia  being  uaad  in  bte  conrol  lo^c. 


•  FUSE 

Tha  bont  mouttad  fuaa  or  braakar  ia  to  protect  tha  fane.  Tha  inabutTMnt  is  not  fuaad 
In  ordv  to  pro^  rraudmum  protection  fa  bw  rarwiGrTTwr. 
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FEATURES 


.  SELF-TEST 

.  ALL  OHOFF  SET-POIWTS  CAN  BE 
CHEOCE)  BY  USING  FROKT  PANEL 
CONTROLS 

•  AU  Oh  SET-POINTS  CAN  BE  CKANGB) 
USING  THE  FRONT  PANEL  CONTROLS 
AND  THE  SCREW  DRIVER 
ADJUSTMENTS.  pEAD  BAND  IS  FIXE)) 

•  MAXIMUM  MEMORY  IS  NOT  AFFECTE) 

BY  SELF-TEST 

•  EXTERNAL  TRIP  CIRCUmS  NOT 
AFFECTE) 

•  LOCAL  ALARM  CAN  BE  TESTE) 

•  FANS  AND  REMOTE  ALARM  CAN  BE 
TESTE) 

•  FANS  ON.  ALARM.  AND  TRIP  UGKTS 
CAN  BE  TESTE) 

•  FAIL-SAFE 

•  FOR  ANY  OPEN  THERMOCOUPLE 

•  METER  WILL  READ  F'JLL  SCALE 

•  MAXIMUM  MEMORY  READS  FULL 
SCALE 

•  fan.  ALARM.  AND  TRIP  UGKTS  TURN 
ON 

•  ALARM  RELAYS  OPERATE 

•  LOCAL  SONIC  ALARM  OPERATES 

•  TRIP  RELAY  DOES  NOT  OPERATE 

•  FOR  LOSS  OF  POWER  TO  INSTRUMENT 

•  ALL  UGKTS  TURN  OFF 

•  ALARM  RELAYS  TURN  ON 

•  MAXIMUMTEMPERATURE  IS  STORED 

•  RETAJNH)ATLEA''^OR30DAYS 

•  NO  LOSS  OF  ACCU-v\CY 

•  NO  BATTERY  POWER 

•  INSTALLATION  INSTRUCTIONS 

•  COMPLETE  INSTRUCTIONS  ON  BACK 
PUTE 

•  TERMINALS  CLEARLY  MARKE) 

•  FUNCTIONAL  DESCRIPTION  INCLUDE) 

•  THERMOCOUPLE  CONNECTING 
INSTRUCTIONS 

•  120  /  240  VAC  INPUT  SELECTION  c-41 

•  X  AMPS  OF  FAN  POWER 

•  TWO  SETS  OF  FAN  POWER  TERMINALS 


•  OPERATING  INSTRUCTIONS 

•  SINGLE  FUNCTION  CONTROLS --ALL  OF 
THE  FRONT  PANEL  CONTROLS  PERFORM 
ONE  FUNCTION  ONLY. 

•  INSTRUCTIONS  FOR  EACH  CONTROL  ARE 
PRINTH)  ON  THE  FRONT  PANEL  HEXT  TO 
THE  CONTROL 

•  EXPERIENCE)  CONTROL  ROOM 
OPERATORS  USUALLY  DO  NOT  REQUIRE 
ANY  TRAINING  TO  OPERATE  THIS 
INSTRUMENT. 

OPERATING  INSTRUCTIONS  FOR 
MAXIMUM  TEMPERATURE  MEMORY 

•  AT  START-UP 

•  PRESS  “PUSH  TO  READ* 

•  PRESS  “PUSH  TO  RESET  IF  RESET  IS 
DESIRH) 

•  NORMALOPERATION 

•  PRESS  “PUSH  TO  READ“  TO  DETERMINE 

MAXIMUM 

TEMPERATURE  SINCE  LAST  RESET 

•  PRESS  “PUSH  TO  RESET  TO  CLEAR  THE 
MAXIMUM  TEMPERATURE  VALUE  IN 
MEMORY 

OPERATING  INSTRUCTIONS 
FOR  SELF-TEST  FEATURE 

•  SET  FAN  MODE  CONTROL  TO  AUTOMATIC 

•  RC.  ATE  SELF-TEST  CONTROL 
COUNTEfK:LOCK  WISE 

•  PRESS  “PUSH  AND  HOLD*  SWITCH 

•  SLOWLY  ROTATE  SELF-TEST  CONTROL 
CLOCK  WISE 

•  RECORDTHE  TEMPERATURE  INDICATION 
ON  THE  METER  AS  EACH  OF  THE  CONTrtO 
UGKTS  TURNS  ON. 

•  SLOWLY  ROTATE  THE  SEU^-TEST 
CONTROL  COUNTER  CLOCKWISE.  (OK  TC 
SILENCE  ALARM  DURING  CHECK ) 

•  RECORD  THE  TEMPERATURE  INDICATION 
ON  THE  METER  AS  EACH  OF  THE  CONTRC 
LIGHTS  TURNS  OFF 
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GENERAL  SPECIFICATIONS 


FEATURE 
SCALE  RANGE 
SCALE  TYPE 
ACCURACY 
CURRENT  LOOP 
SETPOINT  RANGE 


STANDARD 

0-250rC 

DIGITAL 

*  1  %  OF  FUa  SCALE 


FULL  SCALE 


OPTIONAL 


4>20MIUJAMP 


DEAD  BAND 
FANS 

ALARM  AhD  TRIP 
FAN  CONTROL 
FAN  RELAY  RATINGS 
FANS  1  (SPST) 

FANS  2  (SPST) 

ALARM  AND  TRIP 
RELAY  RATING 


26C 

SC 

AUTOOFF-MANUAL 

1  HP  AT  120  VAC 
1-1/2  HP  AT  240  VAC 
1  HP  AT  120  VAC 
1-1/2  HP  AT  240  VAC 
10  AMPS  AT  120  VAC 
6  AMPS  AT  240  VAC 
ATPF-1.0 
1.5  AMPS  AT  125  VDC 
0.7  AMPS  AT  240  VDC 


>iorc<5(rc 

>5C<20rC 

AUTOMANUAL 


THERMOCOUPLE  TYPE’E* 

3  REQUIRE) 


SUPPLY  POWER 
MAXIMUM  LOAD 
PROTECTION 


120  OR  240  VAC 
30  AMPS 
20  AMP  FUSE 


SINGLE  POLE  BREAKER 
ON  FAN  CIRCUIT 


SONIC  ALARM 


FRONT  PANEL  MOUNT 
90db  -  INTERMITTENT  SIREN 


PANEL  CUT-OUT  S  TT  WIDE  BY  13.87r  CONTAa  CIMCO 


HK>OTTESr 


1500  VAC.  60HZ,  60  SEC. 


TEST  NOTES 

•  DURING  Hl-POT  TEST;  DO  NOT  INCLUDE  THE  THERMOCOUPLE 
TERMINALS  IN  THE  TEST. 

.  DURING  IMPULSE  TEST;  DO  NOT  CONNECT  THERMOCOUPLE 
TERMINALS  TO  GROUND.  c  -42 


15-1/4- 


I 

CD 


(D 


1/2- 


T 


7.93’ 


— ■ 

I  EB  NATIONAL  INDUSTRI  i 


FANS 


AUTO 

OfF  O 
MAN 

PUSHTO 
SILENCE 
ALARM  ^ 


PUSH 

AND  HOLD  \J 
SELF  TEST 
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POWER 

ON 


FANS 

ON 


ALARM 


TRIP 


PUSH 
TO  READ 


O  MAXIMUM 
TErfiERATURE 
MEMORY 


Q  PUSH 


TO  RE?” 


ifCTER  WILL  AUTOMATICALLY  READ  PHASE  WITH  HIGHEST  TEMPERATURE 
PUSH  SWITCHES  TO  READ  OTHER  PHASES 
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LEFT  CENTER 
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o 

ALARM 

FUSE 

CAUTION 

DO  NOT  REMOVE  THIS  INSTRUMENT  WHILE 
TRANSFORTB?  OR  INSTRUMENT  IS  ENERGIZED 


□ 


NOTES 

1.  FACE  PLATE  IS  0.60" 
BRUSHED  ALUMINUM. 

2.  LETTERINOISSLI0HTL 
SMALLER  IN  SCALE  TH^ 
THAN  SHOWN. 

3.  BOX  IS DEEP. 

4.  BOX  IS  6- 1/2"  X  II- I 

5.  TYPE  “E"  THERMOCOUF 
IS  STANDARD. 

6.  FUSE  DOES  NOT 
INTERRUPT  POWER  TC 
INSTRUMENT. 

7.  ALARM  EMITS  AN 
INTERMITTENT  HIGH 
PITCHED  SIREN  TYP.F 
OF  SOUND  RATED  AT 
90  db. 

8.  ALL  LIGHTS  ARE  LED'S 

9.  DIGITAL  METER  IS  LED 
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FAN  MODE 
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SWITCH 
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ALAKM  CONTNOLS 
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PHASE  A 


BO  P 


COMTtOL  LOGIC 


THEXMOCOU 

SELECTOI 


8)  COM 


y  COM  - 
HC  . 


ALARM 


PHASES 


SBLEaTDMINALS 
TO  MATCH  INPUT  ON 
TERMINALS  II  AND  12 


PHASE  C 


THERnOCOUPLE 
>  LEAD  IS  RED 


PHASE  -I 
SELEaOR  _| 
SWITCHES  ^ 


LEFT 

CENTER 

RIGHT 


IM  HI 
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POWER  FANS  ALARM  TRIP 
ON  ON 

STATUS  LIGHTS 


NOTE:  ALL  LIGHTS  ARE  LED  S 


POWQI  POWER  POWER  IN 
OUT  OUT  120  OR 
TO  TO  240  VAC 
FANS  I  FANS  2 
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ABB  Power  TAD  Company  Inc. 

UnOergrounC  Distribution  Transtormers 
Jefterson  Ctl>.  MO  65101 


Instruction  Booklet 

I.B.  46-060-1,  Section  D 


ASEA  brown  BOi  ERi 


Elective  May  I99i 
Superseaes  I  B  46-060-1. 
Section  D.  aatec  June,  1985 


Instructions  for  Oil-Immersed 
Distribution  Transformers 

Section  D;  Padmounted,  75-2500  KVA,  Three-Phase 


1.0  INTRODUCTION 


"he  three  phase  paarnojntec  a;stnC!uIior  transtorme'  is 
aesighec  to  pro-. lOt  e  ect'ica  ser^  ce  on  uhoergrounc  Qistri- 
pjtior':  sv-stems  The  transtormer  is  oesighec  tor  outdoor 
rh.ouniing  o"  a  pac  Prir^ah,  anc  seconaa''y  caoies  enter  the 
transtorme'  compart rneh’.  tron-  PeiOv\  through  openings  in 
the  pac  All  eupcsec  live  pais  a'e  completely  enciosec  m 
tamoer-resistant  capmets  ^itn  provisions  tor  paCiocKing 


The  transtprmers  cescriDed  herein  are  designed  for  the 
conditions  normally  ericouhterec  on  electric  utility  power 
Oist'iDulion  Systems  As  such  tnev  are  suitaPie  tor  use  under 
the  usua  service  conditions  oesc'ipeC  m  ANSI  C57 '2  00 
(General  Reou'rements  fo'  Liauio-'mmersed  Distribution, 
Powc'  and  Reouiatmc  Transtorme's  All  other  conditions 
are  considered  unusua'  service  anc  should  De  avoided 


2.0  SAFETY 


WAftNINQi  nEMDJH\S  INSTRUCTION  BOOK  CARE'* 
;  FULLY  BEFORtf ATTEMPTING  TO  INSTALL,' MAIN-4 
^JAIN.'^PEMTEToI^SERVICE  the  TRANSFORMER.i 

:failurej'o^ollow  instructions  can  cause  i 
:  SEVERE  INJURT;  DEATH,  OR  PROPERTY  DAMAGE.'^ 


Keep  this  Instructiohi  Book  available  to  those  responsible 
for  the  installation  maintenance  operation  and  service  of  the 
transformer  Safety  as  defined  in  this  Instruction  Book 
involves  two  conditions 

t  Persona  in|ury 

2  Product  or  property  damage 

SEE  important  -disclaimer  OF  WARRANTIES  AND 
LIMITATION  OF  LIABILITY'  ON  PAGE  12 

Safety  notations  intended  to  aiei  personnel  of  possible 
personal  injury,  death  c  property  damage,  nave  Deen  in¬ 
serted  in  the  instructional  text  prior  to  the  Step  in  which  the 
condition  IS  cited  These  safetv  notations  are  headed  by  one 
of  three  hazard  intensity  levels  which  are  defined  as  follows 


3.  CAUTION  —  Hazard  or  unsafe  practice  which  will  or 
can  cause  minor  personal  injury  or  minor  property 
damage. 

T he  trans'h'me'  should  c-r  upe'.5'°ri  and  serviced  oni',  by 
comperen:  pe'sc'irie'  famr.a'  wit-  good  safety  P'actmr’s 
These  instructions  arewritte" 'O’ Such  personnel  and  are  no: 
intended  as  a  substitute  to'  adecuate  training  and  expe'ience 
in  the  use  of  this  eouipment  Should  clarification  or  further 
info'malion  be  reojirec  o'  snouic  problems  arise  which  are 
not  covered  sufficiently  to'  'he  use' s  purpose,  refer  the  mat¬ 
te'  to  tne  ABB  Powe'  T&C  Company  Inc  Whencommunical- 
ina  with  ABE  'egardmc  tne  product  covered  bv  this  Insf'uc- 
tion  Book  a  wavs  include  the  following  items  of  in'urmation 
from  the  transform, e' s  nameplate  Se'iai  number,  style 
number.  KVA  rating  high  voltage  and  low  voltage  ratings 


Additionaiiv  all  applicable  safety  procedures  such  as 
OSha  reou'rements  regiona'  and  local  safety  reauirements, 
safe  working  practices  and  good  judgement  must  be  used  by 
such  personnel 


3.0  RECEIVING 


Q;pQ^OT\LIFlvTHE.dTRANSFORME6^ 
gJSINQJCRANESpR  JACKS  ON  ANY-J>AOTjpFs 
TRANi^RMEftOTHER  THAN  THE  UFTING  HOOM 
E:6R^ACK1NGJ>ADS  provided  FORTHISJ>URPOSEi^ 
I IMPRO^ERiiJFTING  OR'JACKING  CANJCAUSEg 
E  SEVERE  INJURY  AND  PROPERTY  DAMAGE:rf^~^2^ 


The  transformers  are  normally  snipped  completely  assemb¬ 
led  and  ready  to  install  Each  transformer  snouid  be  carefully 
inspected  upon  receipt  anc  tne  transportation  company  noti- 
'■ed  of  any  cam, age  that  has  been  incurred  The  shipping  list 
Should  be  checked  tor  possible  shortages 

Three-phase  transformers  are  normally  shipped  on  a  pallet 
Palletized  transformers  in  these  ratings  mav  be  moved  readily 
t  v  a  lift  fruCk  crane  or  cart  Tne  lifting  hooks  supbiieo  on  tne 
Sides  of  tne  transtormer  enable  it  to  be  lifted  by  crane 

Be  sure  tne  device  chosen  has  the  capacity  to  lift  or  move, 
the  complete  unit  (Weight  is  shown  on  tne  namepiate  ) 

Lift  the  transformer  utilizing  all  the  hooks  and  use  proper 
spreade's  to  obtain  a  vertical  lift 


Fig.  1 


This  translo'me'  has  been  furnished  with  a  "benta-nead 
locking  bolt  that  must  be  loosened  to  ooen  tne  compaiment 
This  bolt  can  be  turned  w,th  a  standard  pentahead  socket 
iwrenchj.  as  used  widely  in  the  utility  industry  Gcckeis  can 
be  Obtained  from  tne  Snap-On  Company  (too'  *=62191)  or 
ecuivaient 
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4.0  EXTERNAL  INSPECTION 


nNINQS^HE  OnnyiUSTSE  ATTHEI^C 

FOR^OLTAGEllS  APPClEbfcnT^ 
nt  M  E  R  iQF  Aa'V  R 


tOPEk~dlI?^VEC[CA»i^^ 
LS0^1NJURy«OEAl 
SiAMAC 


The  oil  level  should  be  cbeckeO  bv  removina  the  oil  level 
plug  locaiea  at  ihe  25  'C  level  Any  uni!  which  ooes  not  have 
the  proper  oil  level  should  be  checked  for  leaks  and  refilled 
through  the  veni  plug  before  placing  in  service  Use  only 
duality  Oil  pei  ASTM  D3487  when  adding  oil  to  the  trans¬ 
former  The  transformer  was  filled  or  processed  at  tne  factory 
with  non-PCB  dielectric  fluid  in  accordance  with  Federal 
Poiychiorinaied  Bi-phenyl  (PCBi  Regulations  40  CFR  761.  et 
seq  The  non-PCB  fluid  contained  less  than  ippm  at  time  of 
processing  O'  filling  The  owner  should  take  the  necessary 
precautions  so  that  pCB  contamination  is  not  introduced 
Curing  field  filling  or  maintenance  of  tne  transformer  (refer  to 
Fig  2) 


Oil  Level  Plug  — ^ 

^  Oil  Fill 
\  (Vent)  Plug 

i  1  ^ 

Oil  Level  ' 

1  —  —  —  — 

i  1 

V  ^  1 

i  -9*  O  O  ' 

i 

.  1 
i 

i 

^  Oil  Drain  Plug 

High  Voltage 

Low  Voltage 

Fig.  2 


5.0  INTERNAL  TANK  INSPECTION 


WARNING;  ALWAYS  \^NT  THE  TRANWOHMER  BY 
FOLLOWING  THE  INSTRUCTIONS  IN  SECTION  7.3. 
FAILURE  TO  DO  SO  CAN  CAUSE  SEVERE  PERSONAL 
INJURY,-  DEATH  OR  SUBSTANTIAL  PROPERTY: 
DAMAGE.:.--;- ^ V 

CAUTION:  WHEN  A  TRANSFORMER  IS  OPENED.  USE 
CARE  TO  PREVENT  ENTRANCE  OF  MOISTURE  OR 
FOREIGN  OBJECTS.  MOISTURE.  DIRT  OR  FOREIGN 
OBJECTS  CAN  WEAKEN  THE  INSULATION  OF  A 
TRANSFORMER  AND  GREATLY  SHORTEN  ITS  LIFE. 


The  transformer  covered  by  this  insfruction  is  Shipped 
"tidy  for  installation  and  does  not  reouire  internal  inspection, 
nwever.  if  tne  transformer  must  be  opened,  prevent  the 
entrance  of  moisture  or  Other  foreign  mate'ial 


6.0  STORAGE 

The  transfo-me-  should  be  stored  completely  assemoied 
(tank  seated  and  caometry  closed  i  as  though  it  were  ener¬ 
gized  and  a'  its  permanent  location  ~i  ranslormers  should  not 
be  stacked  on  top  of  one  another  and  care  must  be  exercised 
to  prevent  submersion  in  water  The  transformer  should  be 
stored  on  a  solid  level  foundation 

In  the  event  a  transformer  is  to  be  held  in  storage  for  a 
period  in  excess  of  one  (1 1  vear,  it  is  recommenced  the  space 
above  the  oil  be  pressurized  with  dry  air  to  two  (2i  to  three  (31 
psig  This  will  prevent  moisture  ingress  due  to  negative 
pressure 

The  transformer  will  be  ready  for  service  at  any  time  pro¬ 
vided  It  has  received  tne  inspections  outlined  in  Sections  4  0 
and  Section  7.0  thru  7.7. 

7.0  INSTALLATION 

Installation  should  comply  with  the  latest  edition  o‘  the 
National  Electrical  Code 

7.1  Mounting 


,  WARN/NGi.FAILURE9TO;i>AOPERU^I0^^^1^ 
^TRANSFORMER  CAN  CAUSE  SEVERE  IMURY,  DEATH  » 
(OR  PROPERTY  DAMAGE  _  _ 


The  transformers  should  be  mounted  on  a  flat  level  pad 
strong  enough  to  support  the  weight  o'  the  transformer  The 
unit  should  not  be  tilted  m  any  direction  greater  than  1.5 
degrees,  as  a  greater  tilt  will  cause  deviations  in  hauic  level 
near  fuses,  pressure  relief  devices,  or  other  accessories  spe¬ 
cifically  located  at  or  near  the  25  degree  C  liquid  level. 


CAUTION:  DEVIATIONS  IN  OIL  LEVEL  CAN  IN¬ 
CREASE  THE  POSSIBILITY  OF  A  DISRUPTIVE 
FAILURE. 


Wnen  supplied  hold  down  cieats  or  brackets  should  be 
used  to  bolt  the  transformer  securely  to  tne  pad  (refer  to  Fig 


3) 


The  transformer  cabinet  should  sit  flush  on  the  pad  allow¬ 
ing  no  gaps  which  would  compromise  tne  tamper-resistance 
o‘  the  transformer 

7.2  Location 

Since  these  transto'mers  contain  a  flammable  insulating  fluid 
(mine-ai  oil),  transforme  lure  can  cause  fire  anc  o'  explo¬ 
sion  This  possibility  sh;..jid  be  consioered  when  locating 
these  transtorme-s  in  close  proximity  to  buildmgs  O'  public 
thoroughfares  Refer  to  the  latest  edition  o'  the  National  Elec¬ 
trical  Cooe 


7.3  Venting 

Vent  the  transformer  by  manually  operating  the  pressure 
relief  device  norm.aiiy  provided  or  by  removing  the  vent  plug 
The  transformer  should  be  vented  before  it  is  ene-gized  it  it 
has  been  pressurized  tor  leak  test  or  it  the  unit  has  been 
opened  and  reseaied 
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V. 


20'  on  46-62  Width 
24  on  66-70  Width 


Sill 


Typical  Bolted  Cleat  Assembly 


Fig.  3 


bushing  terminals  O'  insulators  This  could  loosen  the  contact 
(Oirils  O'  camr'p  the  insulators 


7.6  Liquid  Level 


Never  operate  o'  apply  voltage  to  transformer  it  the  liquid 
level  IS  beiovi.  the  25  oeoree  C  liquid  level  plug  more  than 
inch  Check  the  liquid  level  before  the  transformer  is  ener¬ 
gized  to  ensure  the  proper  liquid  level 

NOTE  Cold  temperatures  can  cause  the  liquid  level  to 
drop  through  contraction,  by  more  tnan  inch  When  this 
happens  the  liquid  should  be  heated  to  allow  tor  expansion  to 
the  proper  liquid  level  or  additional  liquid  is  to  be  added  to 
bring  the  liquid  level  up  to  within  inch  of  the  liquid  level 
plug  This  liquid  will  then  have  to  be  removed  when  the  unit 
has  reached  normal  operating  temperature  Follow  the  main¬ 
tenance  information  in  Section  10  0  when  adding  and  remov¬ 
ing  any  liquid 

7.7  Cabinet  Security 

:  WVlHNWG:?-FAILURCTO  PROPERLY  SECURE  TME* 

CABINET  MAY~ALL6W>CCESS  BY  UNAUTHORiZEOa 
:  PERSONNEL^HICH  CAN  CAUSE  SEVERE  INJURY,^ 
'  DEATH,  OR  PROPERTY' DAiyuVGEigSaaBia.^.-iS^^ 

Beto'e  leaving  the  site  o’  an  energized  transformer,  maxe 
sure  that  any  protective  or  insulating  barriers  are  in  place,  the 
cabinet  IS  completely  ciosed.  ano  all  locKmg  provisions  are 
properly  installed 

The  toiiowing  procedure  should  be  used  to  assure  cabinet 
security 

A  Close  the  hign  voltage  Helt)  door  ano  secure  it  m  place 
witn  the  captive  bolts  supplied  (pentahead  or  hexheadi 


7.4  Grounding 

►  WARNING:  THE  TRANSFORMER  MUST  BE  PROPERLY* 
^GROUNDED  PRIOR  TO  ENERGIZINa  FAILURE  TO  * 
r  OROPERLY  GROUND  CAN  CAUSr  SEVERE  INJURY; 
'  OR  OEATHT^  '  - 

A  gocc  l■ov^  ■'roeoance  c^cjnc  connect'O*" 

m  jst  oe  rnaoe  to  t*v  cs  np  :ne  c'-ounc  pac^is  •  prov loec 

nea'  me  Dotto'^  c*  m,e  'o'  tn-s  cu^pose 

Tra'^s‘o’’'^e''s  w^icr  arc  ces'c^ec!  use  o"'  a  c^cu'^pep 
wye  sys'en-  ma*  (S  one  "av.nc  a  so’ipiy  c^co'^cec  neut'^a: 
r"wS*’“.avemeia''Aa''.c:o*''e'ava-3Pieneut'a'S  permanent  v 
a^'c  so''di>  C’Oj'^'Cec  tc  tne  com'^'iO’"  neut^a-  o*  tne  system 
be^Ofe  tne  iransmrme’  is  e'^e'Pizec 

7.5  Connections 

During  instaiia'iO''  the  'ec3mme''iCed  sequence  o’  connec¬ 
tions  IS  to  first  make  a  ground  co'inections  then  the  low 
voltage  connections  anc  tinaliy  the  hign  voltage  connec¬ 
tions  The  tra-sto'mer  should  pe  removed  from  service  bv 
reversing  t*'  above  seauence  of  connections  Ca'eiuiiy 
check  the  t  isformer  nameoiate  tor  its  rating  and  me  cor^- 
nectiohs  that  can  be  made  to  it  Avoid  excessive  strain  on  the 


B  Ciosethe  low  voltage  (ngnti  door  and  secure  it  ir  place  by 
rotating  tne  handle  m  a  ciockwise  direction  unii  seated 
Ihandie  should  men  oe  in  a  vertical  orientation) 

C  Tiphten  me  safety  bon  ipentaneaC  or  hexheadi  located  m 
the  locking  tube  until  luHy  seated 

C  Install  a  padlock  through  the  door  handle  anc  icckmg 
tube  anc  secure 

E  Check  both  the  high  and  low  voltage  doo's  fo’  prooe'  lit 
ano  secu'  ,y 

e.O  OPERATION 

This  transforr"’-  was  built  and  tested  ir-  accordance  with  the 
latest  ve'Sion  c  etoiiowir.g  standards  o‘  American  National 
Stanca'ds  institute 

ANSI  C5T  12  00  —  Genera'  Reouirements  tor  Liquid- 
Immersed  Distribution,  Power  anc  Regulating  Trans¬ 
formers 

ANSI  C5T  12  90  —  Test  Code  tor  Liauto-immersed  Distri¬ 
bution  Power  ano  Regulating  Transformers  ano  Guide  tor 
Sho't-Circuit  Testing  ot  Distribution  and  Power  Trans¬ 
formers 
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9.2.1  Protective  Link 


''  ■o'rrte’  (V  ar.  ir.\eG^a  C'a't  o' 

^  :i' a  c  Ge^atio''  d(  Gwe*"  m 

'•  '■  s.5:»‘"'  c^-\:'Ort^ce£  ^rc:err 

'  .*  w  •.  .;•  a'-.c 

-'.'■z  '  r.  V.  r*c:-  '  coe^atior  c'cve^c.;'* 

.  “  V  '•*.:r''*r  w:’'  :•■■•  ■C''”’'e' 

•  v.,*"  !.'•••''  x''vL'^Cv."t-n‘  pro'.f-CJiO''  r^uS'  Dv 


9.0  ACCESSORIZS  AND  COMPONENTS 
9.1  Bushings 


CAUTION  REMOVE  ALL  DIRT  AND  FOREIGN  MATE¬ 
RIAL  FROM  ALL  BUSHINGS  BEFORE  PLACING  TRANS¬ 
FORMER  IN  SERVICE.  READ  AND  FOLLOW  THE  MAN¬ 
UFACTURER  S  INSTRUCTIONS  FOR  INSTALLING 
SEPARABLE-INSULATED  HIGH  VOLTAGE  CONNEC¬ 
TORS  DO  NOT  ENERGIZE  THE  TRANSFORMER  WITH 
THE  SHIPPING  CAPS  ON  THE  BUSHINGS  OR  IN¬ 
SERTS.  DO  NOT  OPERATE  THE  TRANSFORMER 
BEYOND  THE  MANUFACTURERS  RATING  FAILURE 
TO  DO  SO  CAN  CAUSE  MINOR  PERSONAL  INJURY  OR 
PROPERTY  DAMAGE. 


Tne  c'oiective  Imn  is  a''  oi'-irnme'sec  ^lc'-  .oi’aae  excLi" 
s  O''  'i..se  aesicnec  to  isolate  toe  f'e'’sto"'-er  Uc-  roe  c  sr-  • 
Eutio"'  svstero  ir  the  event  o'  a  traos‘0"~,er  fao't  :''Sice  t'le 
•a''.x  O'’  the  loao  side  of  the  iinK  It  is  no:  oesigoec  o'Cv  Oe 
o.e'.oao  O'  seccooary  fault  current  Drotect'On  to'  'oe 

faostO'r-ier 


V. ne'"  losoectioc  o'  reoiacmc  c'otective  imKs  a^^a.sveo■ 
t'  -  ffhstorr"e'  oefore  aisturcmg  the  taox  seal  as  c^t.i'^e: 
sectio"'  r  3  Ca'e  shouic  oe  taxen  to  crevent  the  e''t'a''  ce  c' 
rnoisture  or  foreign  materia: 


9.1.1  Separable  Insulated  Connectors 

Sera'ar  e  msuiateo  connectors  rna,  oe  uruve'sa.'  Oushmc 
v.e 'S  m  frC'a  Dushihos  o'  Dusomc  wens  witr  inserts  m- 
sta'  fcc  Tne.  rha\  De  e  tne'  loacc'eax  O'  non.ica3c>reaK  Ai 
ccnrie;;o':  r-.jst  re  a'\  aoc  ciea'  o'  anv  contamination 
Df 'ore  los'aiiation  .'Ojsec  terminals  snouic  Oe  prooeriy  te'- 
r' in,a;eo  to  ceve'":  t  cssiDie  coniaminatior  Follow  the  man^.- 
tactjre' s  "strjctioos  anc  wa'nmgs  on  the  use  O'  these 
tet  mma:  ic "  s 

9.1.2  Porcelain  Bushings 

High  vo  face  oorceiam  Ouso'ogs  iwheo  provioeCi  are  e«te'- 
naiiv  c  ?.~D9Z  casretec  Dusoings  wm  eveooit-tvoe  te"n'- 
'a  s  T'v  r' ma'v  cades  e'le'  tne  cc'nca'’'nent  from,  be.cv. 
a'cattaftc'hebjshincte'minais  Tnoo.  eooit-tvce  te"-.- 
“3  i  w;  accc'' moca's  N'.  c  th'Diig-  25C  KC'Ti,  catoie 


Fc'  f„rtner  technical  information  rete'  to  ABE  TF.  Lc-E3  j 

9.2.2  Bayonet  Oil  Fuse 

I  WARNING:  VENT  THE  TRANSFORMER  BEFORE 
OPERATING  THE  BAYONET  FUSEHOLDER.  FAILURE 
1  TO  DO  SO  CAN  CAUSE  SEVERE  INJURY.  DEATH  OR 
i  PROPERTY  DAMAGE. 

’’ne-  oavo'iet  01'  fuse  IS  a  oevice  w  hicn  ce'm  ts  'er  acemen; 
c'  a“  u"oe'-oi'  exouision  fuse  m  tne  fieic  aoo  035  caccreai. 
canaoiiii\  allowing  it  to  enerc.ce  anc  Qe-energ.cs  a  trans- 

f  QT  'TtS' 

T:  cre'a'..  O'  reo'ace  tne  fuse  foi'cv.  tne  nj-.^;',  c-f 


9.2  Fuses 


ir.‘ci''niatiO''  '■6*0’  !c  *^56 


[  WARNING:  OPERATION  OF  A  FUSE  MAY  INDICATE  A 
j  FAULTED  TRANSFORMER.  DO  NOT  REPLACE  THE 
'  FUSE  UNLESS  THE  CAUSE  OF  THE  FUSE  OPERATION 
{  IS  POSITIVELY  IDENTIFIED  AND  CORRECTED.  IF  THE 
CAUSE  OF  THE  FUSE  OPERATION  CANNOT  BE  POSl- 
I  TIVELY  IDENTIFIED  AND  CORRECTED.  THE  TRANS- 
)  FORMER  SHOULD  BE  REPLACED  OR  RE-ENERGIZED 
FROM  A  REMOTE  LOCATION.  FAILURE  TO  DO  SO 
!  CAN  CAUSE  SEVERE  INJURY.  DEATH  OR  PROPERTY 
DAMAGE. 

I  ..  - 


9.2.3  Loadbreak  Drawout  Fuseholder 

ce.ice  cc'ndnes  me  hign  irte'ructing  cacar  ■  tv  . 

~  j'pO?'?'  C  v- "  0'' ‘  ^  '  t ' C  ’jSf  V.  I**"  ?.  C’'v-V.  '.-Sr- 

:  r  •:  r'ea*-  'Cac’^a-'t  v. 

:rr'a!e  o-  ^e; -aco  cv. 

c.  f  an-  £ 


I  WARNING:  FUSES  SHOULD  BE  OPERATED  WITHIN 
THEIR  RATINGS  AND  REPLACED  WITH  FUSES  HAV¬ 
ING  equivalent  voltage  and  TIME-CURRENT 
CHARACTERISTICS.  FA'LURE  TO  DO  SO  CAN  CAUSE 
SEVERE  INJURY,  DEATH  OR  PROPERTY  DAMAGE. 
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Tc  operaie  ifie  bavonet  Loadoreak  Fuseboiders  i!  is 
necessary  to  raise  trie  Hmgeo  Weamercover  (Fiip-top) 

With  botn  cabinet  doors  tuliy  open  (over  90  degrees) 
pusri  upward  on  tne  front  edge  ot  tne  cover  assembly  T iit 
tne  nmoeo  cover  backward  until  tne  supporting  arm  con¬ 


nected  to  the  high-low  barrier  can  be  securely  latched  m 
place  on  the  inside  o'  the  cover 

Proceed  with  the  operating  instructions  tor  the  Bayonet 
LoadbreaK  Fusehoioer  (oelow  i 


"WAHNWarVEHtyHEynAN^ 
FORMER  BEFORE  DPERATINGJ 
THE  BAYONET  FUSE  HOLDER.! 
FAItURE-TO  OO.'SO-CANI 
CAUSE^SEVERE'INJURXJ 
t)eATH’-OR>  FROPEflra 
DAMAGEJ^r 


VENT  THE  TRANSFORMER  AS 
OUTLINED  IN  SECTION  7.3 


ATTACH  hot-line  TOOL  TO 
HANDLE  EYE.  STAND  TO  ONE 
SIDE  AND  UNLOCK  THE  HANDLE. 


PUSH  DOWN  AND  rotate  THE 
HANDLE  90'  CLOCKWISE  IN  THE 
HOUSING  TO  BREAK  ANY  ADHE¬ 
SION  BETWEEN  THE  GASKET  AND 
the  HOUSING 


JERK  THE  FUSEhOLDEP  OUT 
APPROXIMATE-YE'  TO  open  the 
CIRCUIT  WAr  A  FEW  SECONDS 
POR  OIL  TC  DRAIN  BACK  INTO 
THE  TANK  then  COMPi-ETElY 
WiyhORAW  fjS£mO_DER 


TO  replace  FUSE 

INSTRUCTIONS  FOR  REPLACING 
FUSE  ELEMENT  ARE  PACKED 
VWTH  EACH  REPLACEMENT  FUSE 

FOLLOW  the  Fuse  manufact- 
URER'S  INSTRUCTIONS 


TO  reinstall  FUSEHOLDER 

attach  hot-line  tool  TO  HAN¬ 
DLE  EYE  STAND  TO  ONE  SIDE 
AND  Place  the  FUSEHOLDER 
END  JUST  INSIDE  THE  HOUSING 

RAPIDLY  PUSH  THE  FUSEHOLD¬ 
ER  IN  UNTIL  DUST  CAP  SEATS 

against  housing 

PUSH  DOWN  AND  ROTATE  THE 
LOCKING  HANDLE  HOOKING  IT 
OVER  THE  SHOULDER  OF  THE 
HOUSING 


When  the  bavonet  ope'ations  are  completed  release  the 
latch  on  the  Hmgeo  Weathercover  by  tiltmg  tne  cover  slightly 
backwa'ds  Lower  the  cover,  making  sure  it  is  all  the  way 


down  (The  upper  high-voltage  door  bolt  should  engage 
THROUGH  the  hole  in  the  Hinged  Weathercover  ) 
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CLT  TYPE  LOADBREAK  DRAWOUT  FUSEHOLDER 


Hook  Eye 


Dust  Cap  Spring  Contact 


Insulating  Bayonet 


Contact  Probe 


OPERATING  INSTRUCTIONS 

LOADBREAK  ATTACH  HQT-LINE  TOOL  TO  HOOK  EYE  RAPIDLY  WITHDRAW  FUSEHOlDER 
ASSEMBLY  completely  FROM  HOUSING 

LOADMAKE  attach  hot-line  TOOL  TO  HOOK  EYE.  INSER"^  END  OF  FUSEHOLDER  UNTIL 
contact  spring  HAS  JUST  ENTERED  HOUS:'  RAPIDLY  PUSH  ASSEMBLY 
straight  into  HOUSING  UNTIL  DUST  CAP  SE-TS  AGAINST  HOUSING  AND 
GROUNDING  CLIP 

TO  REPLACE  FUSE  DISASSEMBLE  BY  UNSCREWING  FUSE  FROM  INSULATING  BAYONET 
AND  CONTACT  PROBE  REPLACE  BLOWN  FUSE  WITH  NEW  FUSE  OF 
EOUl  VALENT  RATING  AND  CHARACTERISTICS  REASSEMBLE  BY  TIGHT¬ 
LY  SCREWING  NEW  FUSE  ONTO  INSULATING  BAYONET  AND  CONTACT 
PROBE 


FIG.  5 


NX  TYPE  LOADBREAK  DRAWOUT  FUSEHOLDER 


Oust  Cap 

A 


Locking 
’  Set  Screws' 


Hook  Eye  — 


Insulating  Bayonet 


Spring  Contact 


Contact  Probe 


’vm 


ASSEMBLE  AND  OPERATE  FUSEHOLDER  PER  THESE  INSTRUCTIONS.^ 
M_FAItJURETO  OO  SO  CAN  RESULT  IN  SEVERE  INJURY.'PEATH  OR  PROPERtV  DAMAGE^ 


OPERATING  INSTRUCTIONS 

LOADBREAK  attach  HO  NE  TOOL  TO  HOOK  EYE  RAPIDLY  WITHDRAW  FUSEHOLDER 
ASSEMBLY  completely  FROM  HOUSING 

LOADMAKE  attach  HOT-LINE  TOOL  TO  HOOK  EYE.  INSERT  END  OF  FUSEHOLDER  UNTIL 
CONTACT  SORING  HAS  JUST  ENTERED  HOUSING  RAPIDLY  PUSH  ASSEMBLY 
straight  into  housing  until  DUST  CAP  SEATS  AGAINST  HOUSING  AND 
GROUNDING  CLIO 

I  TO  REPLACE  FUSE  DISASSEMBLE  BY  UNSCREWING  FUSE  FROM  INSULATING  BAYONET 
j  AND  contact  PROBE  REPLACE  BlOWN  FUSE  WITH  NEW  FUSE  OP 

equivalent  RATING  AND  CHARACTERISTICS  REASSEMBLE  BY  TIGHT¬ 
LY  SCREWING  NEW  FUSE  ONTO  INSUi-ATING  BAYONET  AND  CONTACT 
PROBE 


I 


FIG  i 
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CLT  TYPE  DEADBREAK  DRAWOUT  FUSEHOLDER 

DE-ENERGIZED  OPERATION  ONLY 


WARNING:  ASSEMBLE  AND  INSTAU  FUSE  AND  FUSEHOLDER  PER  THESE  INSTRUC¬ 
TIONS.  FAILURE  TO  DO  SO  CAN  RESULT  IN  SEVERE  INJURY.  DEATH  OR  PROPERTY 

damage. 


TO  REVO^'E  “'USE 
TO  REP. ACE  FJSE 


TO  INS'A’.L  F^SE 


A  —  AC' - |C"-L  NE  TOO.  TO  HOOK  EVE  AND  VV'THORAVV  F;^'SE 

hO.OER  S'RAIGHT  OoT  FROV  mGJSING  ; 

DISASSEMBLE  BY  UNSCREWING  *HE  FUSE  FROM  "HE  INSULATING  | 
BAvONET  replace  The  BLOWN  FUSE  V.  .TM  A  new  FUSE  OP  EOUl-  ‘ 
V  A. EN"  rating  AND  Characteristics  reasseme.e  ev  tight-  I 
LY  ;  crewing  fuse  onto  The  insulating  bayonet  I 

A — aCh  hot-line  tool  to  hook  Eye  and  Place  FUSEHOLDER  I 
iN^O  housing  push  FUSEHO..OEP  in  pirmly  unT;.  Dust  Cap  is 
SEA'EC  against  HOUS'NG  and  GROUND  CLI=  | 


Fig.  7 


NX  TYPE  DEADBREAK  DRAWOUT  FUSEHOLDER 

DE-ENERGIZED  OPERATION  ONLY 
Dust  Cap 


Locking  Set  Screws 


Hook  Eye 


-0= 


n 


C  Fuse 
- 


Jt 


Insulatina  Bavonel 


I  Fuse  Terminals 
Spring  Contact 

I”  JUJL"; 

OANGS^DE-ENERGITE  THE  TIUNSFORIilR  BEFORE  REMOVING' OR  INStALUNG^THE? 
LT>EA08R^IU2BAIirbl!rj»SS^J>E^^MBUtEMUfflEJQJ(l<C^^ 

.  SEVERE  injury;  DEATH  OR  PRQPERTynAlMinE.A^fffyS:?A~>^*=kri^*«^ 

- - - - -  --  -T-ITt-t-It 


WARNING:  ASSEMBLE  AND  INSTALL  FUSE  AND  FUSEHOLDER  PER  THESE  INSTRUC¬ 
TIONS  FAILURE  TO  00  SO  CAN  RESULT  IN  SEVERE  INJURY.  DEATH  OR  PROPERTY 
DAMAGE. 


=EP.ACE 


t.S'Al.  p.SE 


Fig  8 


i  —  lOh  h7T-:.INC  ’CD-  HOOK  EYE  ANC  WTHDRAV.  puSE- 
hO-DEp  S’RaiG—'T  Oil"  pROa' housing 

C  AASEEL'E-E  E'  unscrewing  the  FUSE  PROM  The  iNSU.A’inG 
EA  vCNE"  =E=.ACE  "HE  B-OV.'N  FUSE  W'Th  a  NEW  puSE  Op  ECU'- 
.  A-EN’  Ra’inC  and  ChaRaC’ERiSTiCE  REASSEME.E  Ey  TiGhT- 
-Y  scRE.MNG  FUSE  ON’O  The  inS'u.ating  bayonet 

A — AC-  hO'-.iNE  ~00.  "O  hook  eye  and  p.aCE  puE--0-D£  = 
IN'C  hOuS'NG  P'US-  pUSEhO-DER  IN  P|OMl'-  U\"i.  C.E"  Cac  .$ 
EEA'EO  AGAINS"  housing  an:  ground  CLT 
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EFD  LOADBREAK  DRAWOUT  FUSEHOLDER 


Alignment  , 
Ridges 


I — -  • 


f .  1 

a,  ,  u 


Futeholder . 
Assembly 


.4  Brass 
Screws 


OPERATING  INSTRUCTIONS 

LOADBREAK  ATTACH  HOT-LINE  TOOL  TO  HOOK  EYE  RAPIDLY  WITHDRAW  FUSEHOLDER  ASSEMBLY  COMPLETELY 
FROM  HOUSING 

LOADMAKE  ATTACH  HOT-LINE  TOOL  TO  HOOK  EYE  CAREFULLY  POSITION  ALIGNMENT  RIDGES  IN  THE  CORRESPOND¬ 
ING  GROOVES  OF  THE  HOUSING  RAPIDLY  PUSH  THE  ASSEMBLY  INTO  THE  HOUSING  UNTIL  BASE  OF  HOOK 
EYE  IS  Flush  with  HOUS'N', 

TO  replace  FUSE  ONLVREPl'  ..  .  SE  WITH  FUSEHOLDER  WITHDRAWN  FROM  HOUSING.  D'SASSEMBLE  BY  REMOV¬ 

ING  the  -  P-  jS  screws  and  shroud,  replace  BLOWN  FUSE  WITH  A  NEW  FUSE  OF  EQUAL 
rating  A-  .characteristics  REASSEMBLE  .VITH  PARTS  ORIENTED  AS  SHOWN  RETIGHTENTHE 
4  BRAia  SCREWS 


This  oevice  corr  .,nes  the  high  interrupting  capabilities  ot  a 
general  purposL  current-lirnitmg  luse  with  a  pry-well  fuse- 
hoiper  The  oeadoreaK  O'awouf  is  normally  mechanically 
interiocKeC  with  a  loaPbreaK  switch  Once  the  transtormer  is 
oe-energ,.ed  ry  operation  of  the  load  break  switch  the  safety 
baffle  may  be  slid  to  the  side,  permitting  access  to  the 
fusehoider 

T o  replace  me  fuse,  follow  the  instructions  shown  in  Figs  7 
arid  8 

Fo'  futhe'  technica’  information,  refer  to  ABB  TPL  44-837 


9.3.1  EFD  Switch 

The  EFD  (Externally  Fused  Disconnect)  is  an  air  insulated 
loadbreak  switch  available  for  radial  feed  (single  poie).  A 
general  purpose  current  limiting  fuse  or  a  solid  blade  is  pro¬ 
vided  in  the  transformer  connecting  pole  The  switch  con¬ 
tacts  are  opened  bv  drawing  out  the  connecting  pole  so  that 
they  are  completely  tree  o’  t.ne  switch  housing,  leaving  a 
visible  disconnect 

To  operate  or  replace  the  fuse  follow  the  instructions 
shown  in  Fig  9 


9.2.5  Internal  Partial  Range  Current-Limiting  Fuse  9,3.2  LBOR  Switch 


The  interna!  partial  range  current-limiting  luse  is  used  in 
se'ies  w  itn  a  low  cu'rent  interrupting  device  such  as  a  protec¬ 
tive  iinK  or  bavonet  The  partial  range  tuse  is  designed  to  clear 
low  impedance  ihign-currenti  faults  with  the  expiuision  'use 
ciea'ing  am  n.-c-  impencance  faults  or  overloads  When 
p'operiv  applied  the  partial  range  fuse  will  onK  operate  for 
mte'nai  trans'c'mer  ‘auits  Upon  ope'afion  of  a  oartiai  range 
luse  't  IS  recon'menoed  me  unit  be  removed  from  service  and 
returnee  tc  f  e  ABE  Ppwe'  T&D  Company  Inc  ‘or  repair 


9.3  High  Voltage  Switches 


WARNING;  WHEN  OE-ENERGIZING  THE  TRANS¬ 
FORMER,  DO  NOT  RELY  ON  SWITCH  POSITION  OR 
OTHER  VISUAL  INDICATORS.  ALWAYS  ASSUME 
THAT  TERMINALS  ARE  ENERGIZE  UNLESS 
CHECKED  AND  GROUNDED.  CONTA  WITH  AN 
UNGROUNDED  TERMINAL  CAN  CAUSE  I  -ECTRICALV 
SHOCK,  BURN  OR  DEATH.  c 


The  ABB  LBOR  is  a  gang-operated,  two  position  rotary  oil 
switch  The  switch  is  operated  by  attaching  a  hot-line  tool  to 
the  external  hook  eye  handle  and  rotating  to  eithe' the  open' 
or  "Closed"  position  irefer  to  Fig  1O1  Circuit  connections  are 
shown  on  the  transformer  nameplate 

Fo^'orther  technical  information,  refer  to  ABB  TPL  44-834 


Fig.  10 
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9.3.3  Tap  Changer  (HooKstick>operable) 


The  lap  dange'  provaes  a  means  o(  changing  the  voltage 
ratio  0*  a  transtormer  f' he  translormers  are  normally  supplied 
with  an  externai'v  ope'ateo  hig”  voltage  tap  changer  located 
near  the  high  uQitage  Pushing  To  change  taps  proceed  as 
follows  (refer  to  Fig  1 1 1 

A  De-energize  the  transformer 

B  Back  out  the  locking  screw  until  it  is  clear  of  the  locking 
hole 

C  Turn  the  handle  to  me  desired  tap  position 

D  Tighten  the  locking  screw  to  minimize  the  possibility  of 
unintentiona  movement 

Some  large-size  units  are  furnished  with  a  power-trans¬ 
former  tap  Changer  O’lve  which  reauires  pullmg  of  a  locking 
pm  and  a  full  turn  of  the  hand'e  for  each  change  in  tap 
position 


Locking 


Fig.  11 


On  a  oua*  voltage  switch  Positon  l  is  the  low  or  multiple 
connected  position  while  position  2  is  the  high  or  senes 
connected  positon  To  change  the  voltage  position,  proceed 
as  follows  (refer  to  Figure  12| 

A  De-energize  the  transformer 

B  Back  out  the  locking  screw  until  it  is  clear  of  the  locking 
hole 

C  Pull  out  on  the  handle  until  it  will  rotate 
D  Flotate  the  handle  to  the  new  positon 
E  Release  the  handle 

F  Tighten  the  locking  screw  to  minimize  the  possibility  of 
unintentional  movement 


1 


Fig.  12 

9.3.5  Arc-Strangler  Fused  Switch 

Arc-Stranoler  fused  switch  is  mounted  in  the  high  voltage 
compartment  The  fused  disconneclfs)  will  have  NX  current- 
limiting  fuses  Follow  the  McGraw  Edison  (Cooper 
Industries!  insiructions  for  operating  these  devices 


9.3.6  S  &  C  Fused  Switch 


I  11^1  I 

^ARNINOrUSe  THE  S  i'CtOADBUSTER  TOOt^TOe 
*OPeRA'rejMEj>ISCONNECliJEAJLURE3t>ZDO:SOl 
EcAN  CAUSE  SEVERE 


9.3.4  Dual  Voltage  Switch  (Hookstick-operable) 


pviw/Wa-.DE-ENERGiZE  TMElTRANSFORMER  BE-j 
■FFOBEiOPERATtNO  THE  OUAL'VOLTAGE  SWITCH^ 
LFAILUREfTO  SO  00  CAN  CAUSE  jmRE.tNJUHY^ 
P  DEATH  OR  PROPERTY  OAMAGE.t^^S^^^^^ 


f’lV>WN»Nd?VWEH’CHANGING' VOLTAGE  POSTTOn!* 
■FUSES  MAYMAVETO  BE  REPLACED  WITH  THOSE  0F| 
ItHE  PROPER  RATINOS.THE  USE  OF  AN  IMPROPERLY^ 
rRATEO>USr  CAN  CAUSE  SEVERE  INJURY^EATtg 
[OR  gOFCTTtPAMAOE.i 


When  an  S  a  C  fused  switch  is  used  follow  the  manufactur¬ 
er  s  instructions  for  operating  this  equipment 
When  operated  with  the  S  a  C  loadbuster  tool,  this  disconnect 
functions  as  a  loadbreak  switch 


9.3.7  Surge  Arresters 

The  function  of  a  surge  arrester  is  to  intercept  and  divert  to 
qround  various  overvoltage  transients  (such  as  lightning 
surges)  which  occur  on  the  distribution  system 

The  arresters  must  be  disconnected  whenever  high  poten¬ 
tial  Or  induced  potential  tests  are  made  on  transformers  with 
arresters 

For  further  technical  information,  refer  to  ABB  PL  aa-921 
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9.4  Low  Voltage  Oil-Immersed  Circuit  Breaker 

Tne  vo!!aQf'  oi'-:'-ime'sec  circaii  O'eake-  is  aesicned  to 
cpen  tne  io«'  voitaae  c  rcu  •  on  seconoa'v  lajiis  o'  e  xess've 
ovenoaos  f  nt  low  vc'taae  D'eane’'  is  not  mten.aeo  to  rrctect 
seconoa'\  ncm  \,ot;age  cifCoits  ano  connectec  apoaratjs 
imeie'S,  service  entrance  equiDmen:  etc  i  from  tnerrnai  anq 
macnetic  e'lecis  oue  tc.  snort  circuit  anc  overioaas  Tne 
Dreane'  is  pnmariu  a  protective  device  aesignec  tor  only 
occasional  switch  I  ng  operations  as  sucn  it  is  not  mtenaeO  tO' 
treouen'  iweeMv  o'  oaiiy  switcnmc  cutv  Tne  nanoie  is 
locateo  in  tne  low  voltage  compartment  anc  snouic  oe  oper¬ 
ated  witn  a  nct-line  too 


CAUTION:  WITH  THE  SECONDARY  CIRCUIT  OPEN. 
THERE  MAY  BE  SUFFICIENT  COUPLING  TO  THE 
WINDING  TO  CAUSE  SHOCK  FROM  THE  SECONDARY 
TERMINALS  GROUND  THE  OPEN  SECONDARY  TER¬ 
MINALS  BEFORE  WORKING  ON  'THE  SECONDARY 
SERVICE. 

Prior  to  transtor me'  installation  reset  the  Dreaker  by  open¬ 
ing  ana  Closing  it  as  lonows  (refer  to  Fig  13' 

•  To  operr  the  breaker  manually,  rotate  tne  handle  sc  that  the 
pointer  moves  from  the  closed  to  tne  open  positon 

•  To  dose  tne  breake-.  rotate  tne  nanoie  oast  the  open 
position  (to  reset  me  bieakerj  men  back  through  me  open 
position  to  me  ciosec  position 

|t  a  fault  0'  excessive  overioaid  exists  the  breaker  will  trip 
out  even  tnougn  tne  nanoie  is  neia  m  me  cioseo  position 

Following  a  Creake'  tnpout  Oueto  a  long  term  overload,  the 
transformer  on  may  not  nave  had  time  to  coo'  sufficiently  to 
allow  me  O'eake'  latch  tr  oe  set  making  it  impossible  to 
recipse  the  o'eake"  immeoiateiy 


9.5  Pressure  Relief  Device 

Tne  stanoarc  pressure  renet  oevice  located  on  tne  tank 
above  me  iiouiO  leve.  relieves  excessive  inte'na  tanx  pres¬ 
sure  anc  reseais  at  a  lowe'  pos  tive  p'essu'e  Tne  pressure 
reiiet  device  ismanuaiiv  operated  bv  g'asP'  igmeeho-cario' 
ring  it  provioeOi  ar.o  sipwiv  p.. unc  me  cap  awa\  trcm.  trie 
tank  unti'  pressure  is  re  ievec 

9.6  Thermometer 

When  suppliec  a  thermometer  moicates  tne  liouiO  tem.pera- 
ture  near  tne  top  ot  me  tank  Tne  temperature  sensitive  ele¬ 
ment  IS  mounteo  in  a  leakproo*  wen  permitting  removal  of  the 
tnermometer  wilnout  lowering  me  iiound  level  The  Device  is 
turnisheo  wiin  an  aoditionai  pointer,  red  in  color,  to  snow  the 
highest  temperature  attamec  since  las'  reset 

9.7  Liquid  Level  Gauge 

When  supplied,  a  liouid  level  gauge  is  located  m  me  low' 
voltage  compahment  to  inoicate  me  variation  fror-  me  25 
degree  C  tiguio  level 

9.8  Pressure-Vacuum  Gauge 

When  supplied  a  pressure  gauge  is  located  m  tne  low  voltage 
compartment  above  me  bushings  m  tne  ai'  space  The  gauge 
indicates  w  nemer  me  gas  space  m  the  tank  is  unoer  positive 
O'  negative  pressure 

9.9  Nameplate 

A  nameplate  is  supplied  on  each  t'ahsfo'me'  according  to 
ANSI  standard  C57  ti  00-1962  Section  E  12  Refer  to  me 
nameplate  lO' transformer  ratings  anc  ■?'  proper  connections 
o'  me  transformer  to  tne  system  Nc  inie-na'  connections 
should  be  .made  ms'oe  the  t.-anstormer  other  mar  mose 
shown  on  me  nameplate 


CAUTION  AN  EMERGENCY  CONTROL  HANDLE  IS 
PROVIDED  TO  RECALIBRATE  THE  BREAKER  TO  A 
HIGHER  TRIP  TEMPERATURE.  THIS  HANDLE 
SHOULD  BE  USED  ONLY  WHEN  ABSOLUTELY 
NECESSARY  AND  FOR  AS  SHORT  A  DURATION  AS 
POSSIBLE  BECAUSE  ITS  USE  CAN  CAUSE  A  SIGNIF¬ 
ICANT  REDUCTION  IN  TRANSFORMER  LIFE. 


~ ne  breaker  ca-  oe  reca'.p'ated  to  tne  eme'cvncy  Dosmon 
bs  removing  me  mete'  sea'  anc  ro'at'ng  tne  emergency  con- 
tro  ha'Oie  ciocxwise  reset  tne  b'eaxe'  to  'Is  previous 
setting  retu'r  the  eme'Gencv  contro  handle  to  the  original 
posit  o'  I'  i!  recommer-oed  t-.a'  a  new  sea'  be  applied  to  me 
ha-d'e  wne-  I'  IS  'etj'neo  ;c  tne  no'ma'  position  tc  avoid 
inad-enen;  ppe'a'io'  c‘  tne  e-ne'oe''dv  ccn;-o! 


Emergency 

Control 

Handle 


10.0  MAINTENANCE 

A  periodic  visual  inspection  o'  me  transformer  is  recom- 
menoed  Atsucntimes  me  gene'a' condition  ot  me  following 
should  be  noted 

A,  High  voltage  bushings 
5  Low  voltage  bushings 
C  Arresters  (it  C'OviOeOi 

D  Enclosure  integrity  (hinges  locking  provis'ons,  COr'o- 
sion  etc  I 

E  Evidence  of  oil  leakage 
G'Ounc  connec'idns 
G  Accessories 
H  Safety  labels 
I  Transformer  tilt 


WARNING:  WHEN  BROKEN  PARTS.  LEAKING  OIL  OR 
OTHER  POTENTIALLY  HAZARDOUS  CONDITIONS 
ARE  OBSERVED.  REMOVE  THE  TRANSFORMER  FROM 
SERVICE  UNTIL  REPAIRS  CAN  BE  COMPLETED. 
FAILURE  TO  DO  SO  CAN  CAUSE  SEVERE  IK  ’  RY, 
DEATH  OR  PROPERTY  DAMAGE. 


Where  tanks  ;■  dw  evidence  o’  rusting  O'  Oeteno  -  on  of 
me  timsh  mev  mav  be  Cieaneo  anc  then  retouchec  with  pa mt 
available  to'  ma*  purpose  vvnen  ba'e  metai  is  exoosea  a 
C'lme'  shOulO  initially  be  applied  men  retouching  pamt 
applied 
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Fig  13 


<^dge  12 


Ape'iodiccnecko'ineioagsnouidDemaaeioensurei’iat 
tPe  Transtorme'  is  nc'  bei'iG  soDiecieC  10  excessive  oveMoad 
Plannee  overloading  snouid  oe  in  accordance  wiin  tne  ANSI 
Loading  G  jide  ^  C5'  91 


Wnen  addinc  oi  to  tne  I'ansfO'rne'  tne  owne' snootc  taxe 
tne  necessa'V  precaotions  sc  mat  PC6  contammalior  is  not 
int'od  jcea 


V.meneve'  reoiacemen'  ca'ts  O'  in'o'niation  regarding 
existing  t'ans'O'mers  a'e  recuireo  CO^'PLETE  NAVE- 
ArrE  3ata  inci Jdinc  K VA 'a'log  S’’Y-E  NUMBER  SERIAL 
NUMBERancaOESCR/PTiONo*  me  cart  snouid  De  given  to 
ABB 


11.0  REPAIR 


It  IS  tne  resDOnsiDilitv  o‘  tne  owner  to  inspect,  maintain 
and  Keep  tne  transtp'me' m  good  repair 

Report  all  failures  during  tne  warranty  period  to  your  ABB 
Sales  Office  Ai-  warrantv  repairs  must  pe  maoe  bv  ABE  O'  ar-i 
approved  service  facility 

To  assure  proper  operation,  use  only  ABB  approved 
replacement  parts 

It  IS  recommended  that  the  owner  limit  repairs  to  replacing 
proxen  parts  unless  tne  owner  has  well-trained  repair 
personnel 

Some  interna'  parts  can  pe  replaced  without  completely 
draining  tne  tanx  in  sucn  cases  only  the  fluid  necessary  to 
expose  tne  par:  snouic  be  drained  There  may  aiso  oe  occa¬ 
sions  when  complete  O'ainmg  of  the  transformer  tanx  wil!  be 
necessary 

T he  core  and  coii  assemply  can  be  repaired  or  replaced  by 
ABB  personnel  at  edner  tne  factory  or  at  an  authorized  repair 
facility  Refer  to  Service  Policy  46-315  tor  details  or  contact 
tne  ABB  Power  T&O  Company  me 


DISCLAIMER  OF  WARRANTIES 
AND  LIMITATION  OF  LIABILITY 

THERE  ARE  NO  UNDERSTANDINGS,  AGREEMENTS.  REPRESENTATIONS  OR  WARRANTIES.  EXPRESS  OR  IMPLIED. 
INCLUDING  WARRANTIES  OF  MERCHANTABILITY  OR  FITNESS  FOR  A  PARTICULAR  PURPOSE.  OTHER  THAN 
THOSE  SPECIFICALLY  SET  OUT  BY  ANY  EXISTING  CONTRACT  BETWEEN  THE  PARTIES.  ANY  SUCH  CONTRACT 
STATES  THE  ENTIRE  OBLIGATION  OF  SELLER.  THE  CONTENTS  OF  THIS  DOCUMENT  SHALL  NOT  BECOME  PART 
OF  OR  modify  any  prior  or  EXISTING  AGREEMENT.  COMMITMENT  OR  RELATIONSHIP. 

The  inlormalion.  recommendations  descriptions  and  safety  nolalions  in  this  document  are  based  on  ABB’s  experience 
and  judgment  with  respect  to  transformers.  THIS  INFORMATION  SHOULD  NOT  BE  CONSIDERED  TO  BE  ALL  INCLUSIVE 
OR  COVERING  ALL  CONTINGENCIES. 

NO  WARRANTIES.  EXPRESS  OR  IMPLIED.  INCLUDING  WARRANTIES  OF  FITNESS  FOR  A  PARTICULAR  PURPOSE 
OR  MERCHANTABILITY.  OR  WARRANTIES  ARISING  FROM  COURSE  OF  DEALING  OR  USAGE  OF  TRADE.  ARE  MAOE 
REGARDING  THE  INFORMATION,  RECOMMENDATIONS.  DESCRIPTIONS  AND  SAFETY  NOTATIONS  CONTAINED 
HEREIN  Inno  event  willABB  be  responsible  to  the  user  in  contract,  in  tort  (including  negligence),  strict  liability  or  otherwise 
lor  any  special,  indirect,  incidental  or  consequential  damage  or  loss  whatsoever  including  but  not  limited  to  damage  to  or  loss 
of  use  of  equipment,  plant  or  power  system,  cost  ot  capital,  loss  of  profits  or  revenues,  cost  of  replacement  power,  additional 
expenses  in  the  use  ol  existing  power  lacilities,  or  claims  against  the  user  by  its  customers  resulting  from  the  use  ot  the 
inlormation.  recommendations,  descriptions  and  safety  notations  contained  herein. 


ABB  Power  TAD  Company  Inc 
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DISTRIBUTION  QUESTIONNAIRE 

The  Naval  Civil  Engineering  Laboratory  is  revising  its  primary  distribution  lists. 


SUBJECT  CATEGORIES 


1  SHORE  FAaUTIES 

1A  Construction  methods  and  materials  (including  corrosion 
control,  coatings) 

1 B  Waterfront  structures  (maintenance/deterioration  control) 

1 C  Utilities  (including  power  conditioning) 

1 0  Explosives  safety 
1 E  Aviation  Engineering  Test  Facilities 
1 F  Fire  prevention  and  control 
1G  Antenna  technology 

1 H  Structural  analysis  and  design  (including  numerical  and 
computer  techniques) 

1J  Protective  construction  (including  hardened  shelters,  shock 
and  vibration  studies) 

1 K  ooil/rock  mechanics 
1 L  Airfields  and  pavements 
1M  Physical  security 

2  ADVANCED  BASE  AND  AMPHIBIOUS  FACILITIES 

2A  Base  facilities  (including  shelters,  power  generation,  water 
supplies) 

2B  Expedient  roads/airfields/bridges 
2C  Over-the^each  operations  (including  breakwaters,  wave 
forces) 

20  POL  storage,  transfer,  and  distribution 
2E  Polar  engineering 

3  ENERGY/POWER  GENERATION 

3A  Thermal  conservation  (thermal  engineering  of  buildings, 
HVAC  systems,  energy  loss  measurement,  power 
generation) 

36  Controls  and  electrical  conservation  (electrical  systems, 
energy  monitoring  and  control  systems) 

3C  Fuel  flexibility  (liquid  fuels,  coal  utilization,  energy  from  solid 

waste) 


30  Alternate  energy  source  (geothermal  power,  photovoltaic 
power  systems,  solar  systems,  wind  systems,  energy 
storage  systems) 

3E  Site  data  and  systems  integration  (energy  resource  data. 

integrating  energy  systems) 

3F  EMCS  design 

4  ENVIRONMENTAL  PROTECTION 
4A  Solid  waste  management 

4B  HazardousAoxic  materials  management 
4C  Waterwaste  management  and  sanitary  engineering 
40  on  pollution  removal  and  recovery 
4E  Air  pollution 
4F  Noise  abatement 

5  OCEAN  ENGINEERING 

SA  Seafloor  soils  and  foundations 
SB  Seafloor  construction  systems  and  operations  (including 
diver  and  manipulator  tools) 

SC  Undersea  structures  and  materials 
SO  Anchors  and  moorings 

SE  Undersea  power  systems,  electromechanical  cables,  and 
connectors 

SF  Pressure  vessel  facilities 

SG  Physical  environment  (including  site  surveying) 

SH  Ocean-based  concrete  structures 

SJ  Hyperbaric  chambers 

SK  Undersea  cable  dynamics 

ARMY  FEAP 

BOG  Shore  Facilities 

NRG  Energy 

ENV  Environmental/Naturaf  Responses 

MGT  Management 

PRR  Pavements/Railroads 


TYPES  OF  DOCUMENTS 


D  -  Techdata  Sheets;  R  -  Technical  Reports  and  Technical  Notes;  G  -  NCEL  Guides  and  Abstracts;  I  -  Index  to  TDS;  U  -  User 
Guides;  □  None  -  remove  my  name 


Old  Address: 


New  Address: 


Telephone  No.: 


Telephone  No.: 


INSTRUCTIONS 


The  Naval  Civil  Engineering  Laboratory  has  revised  its  primary  distribution  lists.  To  help  us  verify 
our  records  and  update  our  data  base,  please  do  the  following: 

•  Add  -  circle  number  on  list 

•  Remove  my  name  from  all  your  lists  -  check  box  on  list. 

•  Change  my  address  -  line  out  incorrect  line  and  write  in  correction 

(DO  NOT  REMOVE  LABEL). 

•  Number  of  copies  should  be  entered  after  the  title  of  the  subject  categories 
you  select. 

•  Are  we  sending  you  the  correct  type  of  document?  If  rtot,  drcle  the  type(s)  of 
document(s)  you  want  to  receive  listed  on  tfie  back  of  this  card. 


( 

Fold  on  line,  staple,  and  drop  in  mail. 
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1 


NCEL  DOCUMENT  EVALUATION 

You  are  number  one  with  us;  how  do  we  rate  with  you? 


We  at  NCEL  want  to  provide  you  our  customer  the  best  possible  reports  but  we  need  your  help.  Therefore,  I  ask  you 
to  please  take  the  time  from  your  busy  schedule  to  fill  out  this  questionnaire.  Your  response  will  assist  us  in  providing 
the  best  reports  possible  for  our  users.  I  wish  to  thank  you  in  advance  for  your  assistance.  I  assure  you  that  the 
information  you  provide  will  help  us  to  be  more  responsive  to  your  future  needs. 


R.  N.  STORER.  Ph.D.  P.E. 
Technical  Director 


DOCXJMENT  NO.  _  TITLE  OF  DOCUMENT; 


Date:  _ Respondent  Organization :  _ 

Name:  _  Activity  Code:  _ 

Phone:  _  Grade/Rank:  _ 

Category  {please  check): 

Sponsor _  User _  Proponent _  Other  {Specify) _ 

Please  answer  on  your  behalf  only;  not  on  your  organization's.  Please  check  {use  an  X)  only  the  block  that  most  closely 
describes  your  attitude  or  feeling  toward  that  statement: 

SA  Strongly  Agree  A  Agree  O  Neutral  D  Disagree  SD  Strongly  Disagree 


SA  A  N  D  SD 

1 .  The  technical  quality  of  the  report  ()()()()() 
is  comparable  to  most  of  my  other 

sources  of  technical  information. 

2.  The  report  will  make  significant  ()()()()() 
improvements  in  the  cost  and  or 

performance  of  my  operation. 

3.  The  report  acknowledges  related  ()()()()() 
work  accomplished  by  others. 

4.  The  report  is  well  formatted.  ()()()()() 

5.  The  report  is  clearly  written.  ()()()()() 


SA  A  N  D  SD 

6.  The  conclusions  and  recommenda-  ()()()()() 
tions  are  clear  and  directly  sup¬ 
ported  by  the  contents  of  the 

report. 

7.  The  graphics,  tables,  and  photo-  ()()()()() 
graphs  are  well  done. 


E>o  you  wish  to  continue  getting 

CD 

CD 

NOEL  reports? 

YES 

NO 

Please  add  any  comments  (e.g.,  in  what  ways  can  we 
improve  the  quality  of  our  reports?)  on  the  back  of  this 
form. 


Fold  on  line,  staple,  and  drop  in  mail. 
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